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Typical Missile Installation 
of Liquid Propellant Turborocket Engine 
Rocket engine designs are governed by the requirements of their in- a 


stallation and function. RMI has had extensive experience in the devel- 
opment of pressurized liquid propellant engines, multichamber engines, 
variable thrust liquid propellant engines with a wide range of power 
outputs. RMI has also been extensively engaged in advanced research 
on the design and development of improved solid propellant rockets. 


Missile Engine and Power Systems Piloted Aircraft Powerplants 
RMI's long experience in advanced research and development Primary and auxiliary rocket powerplants developed and 
of liquid and solid propellants is being applied to the design produced by RMI for installation in piloted aircraft provid 
of missile boosters, sustainers, flight controls, and other power additional speed and altitude capabilities, increasing th¢ 
components for missile systems. operational performance of aircraft. 
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The founding in 1941 of Reaction Motors, Inc., America’s first rocket — our 
engine company, marked the beginning of industrial activity in the rocket 
field. Since that time RMI has gone on to make many significant contri- 
butions to the rocket industry. 


Unparalleled practical experience has been obtained by RMI through the 
application of liquid propellant rocket engines as the primary or perma- 
nently installed auxiliary power source for piloted aircraft, providing 
an unequalled technical foundation for current projects in this field. 
Continuous advancement and important technological breakthroughs at 
RMI are contributing to the development of superior power sources and 
component systems to meet the challenge of tomorrow’s unprecedented 
requirements for piloted aircraft, missiles and satellites. RMI’s exten- 
sive program of physical, chemical, and engineering research assures 
continued technical leadership in the field of rocket propulsion. 


Currently, RMI is engaged in the development and production of complete 
rocket propulsion systems for major military requirements. Important 
supporting programs are also in progress concerning advanced liquid 
and solid propellant chemistry, combustion research, and the develop- 
ment of improved rocket system components. 


EACTION MOTORS, INC. 


A MEMBER OF THE OMAR TEAM — 


DENVILLE, NEW JERSEV 


icopter Power Assist Other Applications 
onditocket-on-Rotor (ROR) provides safe, dependable auxiliary Applications of rocket propulsive principles to aircraft cata- 
wid for helicopters, increasing take off payload capabilities, pults, launching mechanisms and ground support equipment 
thefraising hovering ceilings and increasing power-off glide range. have been successfully developed and proven to provide more 
effective and consistently reliable operation. 


Creative and rewarding opportunities exist for all types of technical specialists in the research, development 
and production of rocket power devices. Send complete resume and salary requirements to personnel manager. 
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of drilled passages which make for a compact, reliable missile system 
_ package. All external interconnected plumbing lines have been eiimi- 
= Components can be readily removed for servicing; the entire 

system can be tested as a unit and installed in a minimum of time. 


The Bendix-Pacific system illustrated at the left uses compressed 
air to deliver electrical power for the missile, wing actuation through 
integral servo valves and cylinders, and hydraulic power for the 
remotely located roll actuator. Eighteen components are mounted on 
= manifold and interconnected with fifteen feet of “integral plumb- 
a _ ing"—a complex production problem with simplicity as the end result. 
at Bendix Bendix-Pacific is equally as proud of its ability to conceive and 
fic, Ineindes ighrous aed the puting. design as it is of its ability to produce this type of product in volume. 
Have you a similar design or production problem? A Bendix-Pacific 

Sales Engineer is available to discuss it with you. 


shake 
fed eheckeut 


~Corporation 
WOOD. CALIF. 


Bridgeport, Comm. ® Dallas; T Dayton, Ohio ® Washington, D.C. 


hibitin 
accom 


on Si 


€ velop! 
Making it complex... 
» 
jet 
sled, 
such § 
3 ’ 7 Single 
nesium manifolde 
This is a transparent model of the mag esiun om 
sibilit: 
Subm 
Ma 
Chief, 
Prince 
Manu 
Ai 
- accep’ 
be ref 
Prop 
4 


Scope of JET PROPULSION 


Jer Proputsion, the Journal of the American Rocket Society, is 
devoted to the advancement of the field of jet propulsion through the 
publication of original papers disclosing new knowledge and new de- 
yelopments. The term “jet propulsion” as used herein is understood 
toembrace all engines that develop thrust by rearward discharge of a 
jet through a nozzle or duct; and thus it includes systems utilizing 
atmospheric air and underwater systems, as well as rocket engines. 
Jet PROPULSION is open to contributions, either fundamental or ap- 
plied, dealing with specialized aspects of jet and rocket propulsion, 
uch as fuels and propellants, combustion, heat transfer, high tem- 
perature materials, mechanical design analyses, flight mechanics of 
jet-propelled vehicles, astronautics, and so forth. JET PROPULSION 
endeavors, also, to keep its subscribers informed of the affairs of the 
Society and of outstanding events in the rocket and jet propulsion Northwestern University - - 

CONTRIBUTORS 


field. IRVIN GLASSMAN 
Limitation of Responsibility Princeton University MARSHALL FISHER 
Princeton University 


Statements and opinions expressed in JET PRoPpuLSION are to be = H. SMITH , 77> 
understood as the individual expressions of the authors and do not rinceton University = A G. F. McLAUGHLIN 
necessarily reflect the views of the Editors or the Society. A. J. ZAEHRINGER =, K. R. STEHLING 

American Rocket Company Naval Research Laboratory 


AMERICAN ROCKET SOCIETY =, 

EDITOR-IN-CHIEF MARTIN SUMMERFIELD Princeton University 
MANAGING EDITOR ASSISTANT EDITOR 
MICHAEL L. YAFFEE LARKIN JOYNER 


ASSOCIATE EDITORS av 


ALI BULENT CAMBEL 


ART EDITOR 
N. KOCHANSKY 


Subscription Rates 


. EDITORIAL BOARD ADVISORS ON 
One year (twelve monthly issues).....................-. $12.50 PUBLICATION POLICY 
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Information for Authors 


Preparation of Manuscripts 


Manuscripts must be double spaced on one side of paper only with 
wide margins to allow for instructions to printer. Submit two copies: 
original and first carbon. Include a 100-200 word abstract of paper. 
The title of the paper should be brief to simplify indexing. The 
author’s name should be given without title, degree, or honor. A 
footnote on the first page should indicate the author’s position and 
affiliation. Include only essential illustrations, tables, and mathe- 
matics. References should be grouped at the end of the manuscript; 
footnotes are reserved for comments on the text. Use American 
Standard symbols and abbreviations published by the American 
Standards Association. Greek letters should be identified clearly for 
the printer. References should be given as follows: For Journal 
Articles: Authors, Title, Journal, Volume, Year, Page Numbers. 
For Books: Author, Title, Publisher, City, Edition, Year, Page 
Numbers. Line drawings must be made with India ink on white 
paper or tracing cloth. Lettering on drawings should be large 
enough to permit reduction to standard one-column width, except 
for unusually complex drawings where such reduction would be pro- 
hibitive. Photographs should be clear, glossy prints. Legends must 
accompany each illustration submitted and should be listed in order 
on a separate sheet of paper. 


Security Clearance 


Manuscripts must be accompanied by written assurance as to 
security clearance in the event the subject matter of the manuscript 
is considered to lie in a classified area. Alternatively, written assur- 
ance that clearance is unnecessary should be submitted. Full respon- 
sibility for obtaining authoritative clearance rests with the author. 


Submission of Manuscripts 


Manuscripts should be submitted in duplicate to the Editor-in- 
Chief, Martin Summerfield, Professor of Aeronautical Engineering, 
Princeton University, Princeton, N. J. 


Manuscripts Presented at ARS Meetings 


A manuscript submitted to the ARS Program Chairman and 
accepted for presentation at a national meeting will automatically 
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WITH HEILAND SERIES 700 RECORDING OSCILLOGRAPHS 


The new Heiland magnet assembly with its subminiature galva- 
nometers for use with the New Series 700-C Oscillograph gives 
you more channels, broader frequency range, and higher sensitivi- 
ties throughout a wider temperature range for your most complex 
recording requirements. 


The new sub-miniature galvanometers sit side by side in a minimum 
of width, making it possible for the Model 712-C Oscillograph to 
put as many as 60 simultaneous traces on a 12-inch record. The 
708-C carries up to 36 channels on an 8 inch record. The galvanom- 
eters and damping resistor networks are easily accessible from the 
front of the oscillograph through a hinged cover door. Galvanome- 
ters with a broad range of sensitivities are available in frequencies 
up to 5000 CPS. The lower frequency galvanometers require as little 
as 4 microamperes per inch of deflection. 


Both the 708-C and 712-C Models feature record speeds from 
.03”/sec. through 144”/sec. 


Heiland 700-C Recording Oscillographs 
will expand the scope of your dynamic 
recording. For complete details, write for 
Bulletin No. 700-CM2. 


A DIVISION OF MINNEAPOLIS- 


HONEYWELL 


HONEYWELL 5200 E. Evans, Denver 22, Colo. 


JET PROPULSION 
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Aboard the Army’s big Redstone missile, 
developed at Redstone Arsenal and 
manufactured by the CHRYSLER CORPORATION, 
compact and efficient TDI telemetering 
equipment transmits vital in-flight data to the 
ground station, ‘providing invaluable 
observation and evaluation of the 

missile’s performance. 


Acceleration, speed, attitude, component 
reaction, temperature, voltages—and 
innumerable other operating characteristics are 
faithfully reproduced through TDI telemetry, 
supplying ground personnel with the very 
pulsebeat of the ‘‘bird.”’ 


The importance of missile data gathering 
demands perfection in the performance of every 
telemetry component, assembly and system. 
From early pioneering in remote 
instrumentation, to today’s high state 

of development, TDI’s specialized telemetric 
background has produced an outstanding 
performance record in many phases of our 
guided missile and aircraft programs. 


/ 
f 


4 


Write or call for information on TDI’s 
comprehensive coverage of the remote 
instrumentation field. Technical literature 


sent on request. 

Telemetering 

Missile Guidance 

e Ground Electronic Systems 
e Airborne Electronic Systems 


E-DYNAMICS 
A Aaymond Aosen Corporation 


B2ND AND WALNUT STREETS. PHILADELPHIA 4. PENNSYLVANIA 
Western Regional Office: 15016 Ventura Bivd.. Sherman Oaks. Los Angeles. California 


Formerly, Raymond Rosen Engineering Products, Inc. 
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Oxidant for liquid 


Molecular Weight 

Boiling Point 

Freezing Point 

Latent Heat of Vaporization 
Critical Temperature 
Critical Pressure 

Specific Heat of Liquid 
Density of Liquid 
Density of Gas 
Vapor Pressure 
Availability 


Handling 


NITROGEN TETROXIDE (N20,) 


rocket propellants 


92.02 
21°C 


~11.3°C 


99 cal/gm @ 21°C 
158°C 


99 atm 
0.36 cal/gm —10 to 200°C 
at 20°C 
3.3 gm/liter 21°C, 1 atm 
2 atm at 35°C 
Good — in 125 Ib. steel 
cylinders and 2000 
Ib. containers 
asy — can be shipped, 


E 
piped, or stored in 


= 


ordinary carbon steel. 
_ High chemical stability. 


hemical 


Ethylene Oxide « Ethylene Glycols Ureae Formaidehydes« U. F. Concen 
drous Ammoniase Ammonia Liquore Ammonium Sulfate «Sodium Nitrate 
trogen Tetroxide « Nitrogen Solutions e Fertilizers & Feed Supplements 
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to be SURE your EGT and RPM 
Systems are RIGHT... 
heck with the B &H Instrument 


ETCAL 


ANALYTER 


Tests RPM Accuracy to 
RPM in 10,000 RPM (+0.1% 


% 


T-34 Turbo-Prop 


i Engine 
This NEW ‘‘J"’ 
Model JETCAL —— Pratt & Whitney 
contains NEW... Aircraft 


1) Takeal, 2) “‘Ta'Pot"’ \ 
Potentiometer, ‘ 
3) Ruggedized Light- 
Beam Galvos, 

4) Test Circuits. 


ANALYZES JET ENGINES 10 WAYS: 


1) The Jetcat Analyzer functionally tests EGT thermocouple cir- 
cuit of a jet aircraft or pilotless aircraft missile for error without 
running the engine or disconnecting any wiring. GUARANTEED 
Accuracy is +4°C. at engine test temperature. 

2) Checks individual thermocouples ‘‘on the bench” before place- 
ment in parallel harness. 

3) Checks thermocouples within the harness for continuity. 

4) Checks thermocouples and paralleling harness for accuracy. 

5) Checks resistance of the EGT circuit without the EGT indicator. 

6) Checks insulation of the EGT circuit for shorts to ground and 
for shorts between leads. 

7) Checks EGT Indicators (in or out of the aircraft). 

8) Checks EGT system with engine removed from aircraft (in pro- 
duction line or overhaul shop). 

9) Checks aircraft TACHOMETER system accuracy from 0 to 110% 

with guaranteed accuracy to within +0.1% in the operat- 
ing range. 

10) JETcAL Analyzer enables engine adjustment to proper relation- 
ship between engine temperature and engine RPM for maximum 
thrust and efficiency during engine run (Tabbing or Micing). 
ALSO functionally checks aircraft Over-Heat Detectors and ; 
Wing Anti-Ice Systems (thermal switch and continuous wire) __ 
Re TEMPCAL Probes. Rapid heat rise...3 minutes to 
800°F! Fast cycling time of thermal switches...4 to 5 com- 
plete cycles per minute for bench checking in production. 


Two of the most important factors that affect jet engine life, 
eiciency, and safe operation are Exhaust Gas Temperature 
(EGT) and Engine Speed (RPM). Excess heat will reduce 
“bucket” life as much as 50% and low EGT materially reduces 
efficiency and thrust. Any of such conditions will make opera- 
tion of the aircraft both costly and dangerous. The JETCAL 
Analyzer predetermines accuracy of the EGT and (inter- 
telatedly) Tachometer systems and isolates errors if they exist. 


The JETCAL is in worldwide use. Used by U. S. Navy and 
Air Force as well as by major aircraft and engine manufac- 
turers. Write, wire or phone for complete information. 
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Official U. S. Navy photograph. 


Versatile fluorocarbons help solve 


complex design problems 


KEL-F Fluorocarbon Products are a family of 
Molding Plastics, Plastic Dispersions, Oils, Waxes, 
Greases, Elastomers, Chemicals and Printing Inks. 

Based on the extremely stable trifluorochloro- 
ethylene polymers, these fluorocarbon materials 
are engineered to withstand high temperatures and 
corrosive atmospheres. The entire KEL-F Fluoro- 
carbon Family also possesses individual properties 
that make them indispensable in meeting a variety 
of the most rigid engineering specifications. 


A Wide Variety Of Uses 


The protection afforded by KEL-F Fluorocarbon 
Products is well established in the aviation field in 
a wide variety of applications. Included among 
these are acid and high-energy fuel hoses, seals, 
O-rings, diaphragms, coverings for micro-switches, 
)VEMBER 1956 


wire insulation, electronic components, laminated 
lined containers and compressor lubricants. 

When your design problems involve elevated 
temperatures . . . corrosive fuels . . . vibrational 
shock . . . high humidity . . . aerodynamic loading 
—Kellogg is ready to help you find the answers. 
Write for further information. 

The M. W. Kellogg Company, Chemical Manu- 
facturing Division, Box 469, Jersey City 3, N. J. 


THE M. W. KELLOGG COMPANY 


Subsidiary of Pullman Incorporated 


@®KEL-F is the registered trademark of The M. W. Kellogg Company 
for its fluorocarbon products, 
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AND ENGINEERS 


in rocket development at 


The Rocket Fuels Division of Phillips Petroleum 
Company operates Air Force Plant 66, a 
multi-million dollar plant with modern facili- 
ties for research, development, testing and 
manufacture of solid propellant rockets. 
Exceptional opportunities and key positions 
are now open to scientists and engineers of 
proved experience and ability. Challenging 
opportunities are also available to recent 


rience. Phillips Petroledm Company is.“a 
progressive, diversified company with. assets 
of more than.one billion dollars’ and an 
already established reputation in the rapidly 
expanding rocket field. 

You are invited to write to our Technical 

Personnel Office, Rocket Fuels Division, 
Phillips’ Petroleum Company, McGregor, 
Texas. Your. tésumé will receive prompt, 
confidential attention. Interviews will be 
arranged for qualified applicants. 


Rocket Fuels Division 


PHILLIPS PETROLEUM COMPANY 
McGregor, Texas 


FOR SCIENTISTS _ 


Phillips Petroleum Company 


technical graduates, with of withouf expe- - 


Booster Type Rockets by Phillips 66 


Above. Giant PUSHER rocket, made from low 
cost, petroleum-derived materials gives tre- 
mendous thrust for short durations. 


Left. The M15 JATO was the first of its kind 
to meet rigid Air Force performance tests. 
(Boeing Airplane Company photo). 
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Emzinecers... 


ten years 


ahead t! 


Will your income 
and location 
H allow you to live 


in a home 
like this... 
spend your 
leisure time 
like this 2 


A Douglas engineer lives here 


They can...if you start your 
Douglas career now! 


Douglas has many things to offer the career- 
minded engineer! 

...there’s the stimulating daily contacts with 
men who have designed and built some of the 
world’s finest aircraft and missiles! 

...there’s enough scope to the Douglas opera- 
tion so a man can select the kind of work he 
likes best! 

...there’s security in the company’s $2 Billion 
backlog of military and commercial contracts! 
...and there’s every prospect that in 10 years 
you'll be where you want to be professionally, 
and you'll be in both the income level and geo- “day to: 


graphical location to enjoy life to its full. DOUGLAS AIRCRAFT COMPANY, INC. 
C. C. LaVene, 3000 Ocean Park Blvd. 
Santa Monica, California 


For further information about opportunities with 
Douglas in Santa Monica, El Segundo and Long 
Beach, California and Tulsa, Oklahoma, write 
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Me Asked You 


Here’s what you said 


the Facts about ADVANCEMENT" 


“We want the Facts about SALARIES” 


“We want the Facts about BENEFITS” 


“We want the Facts about POSITIONS OPEN...” 


REPUBLIC MUST FILL 63 POSITIONS IN THESE 21 FIELDS IN THE NEXT 3 MONTHS 


1. Aerodynamics 2. Flight Test 3. Dynamics 4. Thermodynamics 5. Electronics 6. Flutter & Vibration 7. Servos 

8. Weights 9. Weapons System Analysis 10. Analog & Digital Computers 11. Airframe & Mechanical Design 12. Antennae 13. Fire 

Control Systems 14. Flight Control Systems 15. Instrumentation 16. Stress Analysis 17. Operations Research 
18. Preliminary Design 19. Systems Engineering 20. Propulsion 21. Publication Engineering 
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Here are Republic Aviation’s Answers 


06 


eeeeee-At REPUBLIC AVIATION expansion has added 43 new supervisory engineering posi- 
tions in the last 3 years to 156 already existing. 77% were filled by engineers on the 
staff from 1 to 20 years; 23% from outside the company. 54 additional technical spe- 
cialist openings created in last 12 months with 26 filled from within. 
100% of Republic engineers have received pay increases since January, 1955 and 40% 
have won increased professional status. 


«++e+eAt REPUBLIC, top of the industry scale is in force at all levels, but individual contri- 
butions bring added financial and professional recognition. 


e+e Pioneering new concepts in aircraft design and missile science is the business of Repub- 
lic Aviation. With such planes as the incredible new F-105 Thunderchief (5th in the 
series of famous Thundercraft) to its credit, the company is now attacking the fan- 
tastic problems involved in hypersonic flight. Advanced problems are being studied by 
the newly organized Scientific Research Staff. 


The Missiles Division is engaged in upper atmosphere research and kindred areas 
(military proposals, contractual projects and company-sponsored programs). 


eee We may be prejudiced but at REPUBLIC we think our location — LONG ISLAND — 
is very hard to beat. This is the famous playground of the East Coast, where modern 
{ suburban communities are within easy reach of fabulous beaches...where a man can 


keep his own boat, play golf, tennis— even polo— yet be less than an hour away from 
downtown New York with its cultural, educational and entertainment facilities. 


+eeeeeAt REPUBLIC, benefits include our famous 2-PART RETIREMENT INCOME 
j PLAN that’s a model for the industry. Also EDUCATIONAL AID, covering 2/3 the 


cost of advanced study; BROAD INSURANCE COVERAGE — Life, Accident and 
Health plus Hospital-Surgical Benefits for the whole family. 


ALL-EXPENSE PAID RELOCATION PLAN for qualified engineers living outside the New York City-Long Island area 


Please send complete resume, including details of technical background, to: - 
Mr. D. G. Reid > Mr. R. R. Reissig 
Engineering Personnel Manager : Administrative Engineer 7 
: 233 Jericho Tpke., Mineola, L. I., N. Y. 


Farmingdale, L. I., N. Y. 
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MERICAN STY@) 


“supersonic McDonnell Voodoo” is typi- 
°@8 of the high performance aircraft for which 


to common form, produce corrected informa- 
and compute desired input variables for all 
ser systems in the aircraft. 


‘The Wind Drift Computer, con- 
ceived by McDonnell engineers 
and developed jointly with 
Servomechanisms’ is typical of 
our Mechbtronics design philos- 
ophy, which assures maximum 
reliability as well as minimum 
down-time through pull-out, 
plug-in replacement of the 
individual packaged functions. 


ESTERN DIVISION EASTERN DIVISION SoS MECHATROL DIVISION : MECHAPONENTS DIVISION 


El Segundo, California 


lowthorne, California Westbury, L.1., New York Westbury, L. 1, New York 


« 
erwom< inc. desig nd produces 
ite 
Pe 
2 


Affiliated with the 
Olin Mathieson 
Chemical Corp. 


at RMI 


From modest beginnings as 
America’s first rocket engine 
company, Reaction Motors, 
Inc. has become a leader and 
pace-setter in the propulsion 
of aircraft and missiles. So 
vast is the growth of RMI, 
so staggering the potential 
for tomorrow, that we say 
to creative engineers and 
scientists who can make 
important contributions— 
“Your future is Today, 

at RMI.” 


We seek men in the following 
fields: 


ROCKET ENGINEERS 


Combustion Phenomena 
Aerothermodynamics 
Chemical Kinetics 

Fluid Flow 


lf you are familiar with one or more 
of these areas and have an analytical 
background, as a member of our 
thrust chamber staff you will contrib- 
ute to the design and development 
of: 


Rocket Thrust Chambers 
Hot Gas Generators 
Ignitors 


and other related items. Work in- 
cludes rocket thrust chamber sta- 
bility, scale-up studies and analysis 
of related combustion phenomena. 


CONTROLS ENGINEERS 


Here, we are looking for men who 
will solve rocket propulsion problems 
by applying their knowledge of fluid 
flow theory, thermodynamics, servo- 
mechanism and information theory, 
analog simulation or statistical de- 
sign techniques. 

The work includes designing valves 
and other control components; de- 
velopment of hydraulic, pneumatic 
and electrical feedback control sys- 
tems and sequence control systems; 
analog simulation of single com- 
ponents and complete systems, in- 
cluding computer set-up and prob- 
lem formulation; application of 
statistical design techniques to con- 
trol situations. 


If you are qualified for either of 
these positions, let us discuss your 
qualifications, our company and 
its benefits, in detail with you. 


Send complete resume including ex- 
perience and salary requirements to: 


Personnel Manager 


REACTION MOTORS, INC. 


‘First in Rocket Power" 
65 Ford Road, Denville, N. J. 
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CALIDYNE 
model 174 SHAKER 


1500 Ibs. force output 


@ Sha A 


6 differ 
CALIDYNE 


| Vibration 


Test Systenis 


BO 86 80 
Type saat | dal i¢ dal* | Sinuscidal* Random or Random or 
Power Supply Electronic Rotary i Electronic Electronic Electronic Electronic 
Force Output 1250 Ibs. 1500 Ibs. 1500 | Ibs. 1500 Ibs. 1500 Ibs. 1500 Ibs. 
Frequency Range |5-3500 cps. |5-2000 cps. | 5-3500 cps. | 5-3500 cps. | 5-3500 cps. | 5-3500 cps, 
Max. Load 10g. 105 Ibs. 130 Ibs. 130 Ibs. 130 Ibs. 130 Ibs. 130 Ibs. 
ax. load 20g. | 42.5 Ibs. 55 Ibs. 55 Ibs. | 55 Ibs. 55 Ibs. 55 Ibs. 
*Also adaptable for Rand Vibration Testing. 


CALIDYNE'’S Model 174 Shaker featuring high frequency operation 
and low input requirements has been so designed that it can be utilized 
in any one of six CALIDYNE Vibration Test Systems. 

The versatility of the Model 174 Shaker extends the range of vibra- 
tion testing for which this shaker can be used. It further advances 
CALIDYNE Systems of vibration control, enabling equipment man- 
ufacturers to: create vibratory forces over a wide range, measure 
them, use them for testing and measuring the test results. 


Typical vibration testing applications of these 
Model 174 CALIDYNE Shakers include: 
1. Brute force shaking at frequencies simulat- 
ing the worst conditions of ultimate operation. 
2. Structural response to determine mode 
shape, frequency and damping characteristics. 
3. Fatigue testing for high stress providing 
deflections many times greater than normal 
usage. 
4. Random vibration testing for more exact 
simulation of true environment. 


Complete performance 
data on each of these 


6 CALIDYNE Series 
174 Shaker Systems 


are contained in New 


Bulletin 17400. For 


engineering counsel in 


applying the 
destructive force of 


vibration to your own 


research and testing 


us here 


at CALI 


THE 


SALES REPRESENTATIVES 


NEW ENGLAND, NORTHERN NEW YORK 
Technical Instruments, Inc. 
Waltham, Mass. (Twinbrook 3.1400) 
Syracuse, N. Y. (Syracuse 3-7870) 
NEW YORK CITY, LONG ISLAND, 
NEW JERSEY, DELAWARE, 
EASTERN PENNSYLVANIA 
G. Curtis Engel & Associates 
Ridgewood, N. J. (Gilbert 4-0878) 
Syosset, L. 1, N. Y. (Walnut 1-5095) 
Philadelphia, Pa. (Chestnut Hill 8-0892) 
OHIO, WESTERN PENNSYLVANIA, 
EASTERN MICHIGAN 
M. P. Odell Company 
Westlake, Ohio (Trinity 1-8000) 
Dayton, Ohio (Oregon 4441) 
Pittsburgh, Penna. (Freemont |-1231) 
Detroit, Michigan (Broadway 3-5399) 


Hugh Marslond and C 


WASHINGTON, D. C. 


D. C. (Oliver 2-4406) 


INDIANA, ILLINOIS, WISCONSIN, 
MINNESOTA, WESTERN KENTUCKY, 
WESTERN MICHIGAN, N. DAKOTA, 
$. DAKOTA, EASTERN IOWA 


‘0. 
Chicago, Ill. (Ambassador 2-1555) 
Indianapolis, Ind. (Glendale 3803) 
Minneapolis, Minn, (Colfax 7949) 


SOUTH CAROLINA, GEORGIA, ALABAMA, 
FLORIDA, SOUTHERN 
Specialized Equipment 
Cocoa Beach, Fla. testes Beach 3328) 


ARKANSAS, LOUISIANA, OKLAHOMA, 
TEXAS (Except El Paso) 
John A. Green Co. 
Dallas, Texas (Riverside 3266) 
Houston, Texas (Jackson 3-1021) 
Tulsa, Oklahoma (Riverside 2-4657) 


CALIFORNIA, ARIZONA, COLORADO, 

NEW MEXICO, NEVADA, OREGON, 

WASHINGTON, IDAHO, WESTERN MONTANA 

Gerald B. Miller Co. 

Hollywood, Calif. (Hollywood 2-1195) 
San Diego, Calif. (Academy 2-1121) 
Belmont, Calif. (Lyte! 3-3438) 
Tucson, Arizona (Tucson 4-4255) 
Denver, Colorado (Acoma 2-9276) 
Albuquerque, 


New Mexico 
(Albuquerque 5-8606) 


CALI DYN Ee 


COMPANY 
120 CROSS STREET, WINCHESTER, MASSACHUSETTS 
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GD OXYGEN GENERATORS 


supply America’s needs everywhere 


Air Products, Incorporated, has designed and 
built more oxygen generators than any other 
American company. Wherever oxygen is needed 
—in industry or in the Armed Forces—Air Prod- 


ucts designs and builds generators for separation 
of oxygen from air, regardless of purity, cycle or , 


quantity of oxygen required. 


Air Products experience extends to providing oxygen generators for: 

e Missile testing locations « Armed Forces mobile generation ¢ Shipboard installation 

e Steel mills, foundries and metal fabricators » Chemical and petrochemical plants 
e Glass manufacturers and other industries ° Hospitals 


separation and other low-temperature pro- 
cessing equipment are our specialty. Let our 


engineers study your requirements and recom- 


mend the type of plant best suited to your needs. 


OUTPUT DEVELOPS EXPERIENCE—Air Products has built more than 800 successful gas separation plants. 


ir Products 


INCORPORATED 
Dept. O, Box 528, Allentown, Pennsylvania 
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Fire control radar fells... 


All-seeing radar pinpoints the target for 
these Air Force planes. Whatever arma- 
ment they carry—guns, rockets or missiles 
—fire control radar tells them where and 
when. It provides the far-sighted vision 
necessary for modern long-range combat 
Operations. 

Today’s modern fighter plane is an elec- 
tronic wonder, with fire control radar- 


computer systems supplying a continuous 


flow of information about target position 


in terms of range and rate of closing. 


RCA is a major supplier of airborne fire 
control equipment to the Armed Forces. 


Defense Electronic Products 


WHERE TO AIM 
WHEN TO FIRE! 


It has produced, and in several instances. 


developed, these systems for many of the 


latest aircraft. Some of these are illus- 


trated above. 


RADIO CORPORATION of AMERICA 


Camden, N. 
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of Technical Fields 


These illustrations are symbolic of some of the scien- 
tific and engineering fields of endeavor which are 
essential ingredients in the broad range of technical 
programs that are in progress at The Ramo-Wooldridge 
Corporation. Illustrated are: Information Theory, 
Systems Analysis, Communications, Nuclear Physics, 
Electronic Computers, Servomechanisms, Electromag- 
netic Propagation, Infrared, Aerodynamics, Micro- 
waves, Propulsion, and Thermodynamics. 

The requirement for technical competence in a wide 
variety of fields is a significant characteristic of systems 
engineering work. At R-W this requirement is particu- 
larly important because of our emphasis on the devel- 
opment of systems having a high content of scientific 
and engineering newness. 


S730 ARBOR VITAE STREET+> LOS ANGELES 45, CALIFORNIA 


The Ramo-Wooldridge Corporation = 


Our current military iia support a number of 


advanced programs in the fields of modern communi- 
cations, digital computing and data processing, fire 
control and navigation systems, instrumentation and 
test equipment. In the guided missile field, Ramo- 
Wooldridge has technical direction and systems 
engineering responsibility for the Air Force Intercon- 
tinental and Intermediate Range Ballistic Missiles. Our 
commercial contracts are in the fields of operations 
research, automation, and data processing. All of this 
work is strengthened by a supporting program of basic 
electronic and aeronautical resaarch. 

Scientists and engineers whose training and experi- 
ence are in these or related fields are invited to explore 
the openings at The Ramo-Wooldridge Corporation. 
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AMERICAN 


with man. Science is rapidly outdistancing law in the 
field of space exploration and travel, 
must act forthwith if we are to avoid perpetuating the in- 
adequacies of the international law of today in the space 


The body of modern international law 


and legal scholars 


law of tomorrow. 
ishostile from the standpoint of both private international 
law and public law—including civil rules as well as rules of 
warfare—to the problems of travel and existence in deep 
space. The development of the international law control- 
ling activities in the air spaces above the earth today is dis- 
cussed; a system of space law based on the principle of 
fundamental justice is explained and advocated; and steps 
which might be taken by existing international organiza- 
tions—especially in the field of communications—are de- 


Introduction 


tailed. 


T THIS time we have about as clear a vision of the space 
law that will prevail one or two centuries from now as 
Hammurabi in the 22nd Century B.C. might have had of our 
private and public international law of the present day. This 
isnot said by way of minimizing the vision and prescience of 
that wise old lawmaker. Quite to the contrary, we should be 
encouraged to face the formation of space law in view of the 
legal framework Hammurabi and other great lawmakers con- 
structed which, basically, has withstood the erosion of four- 
score generations. 
The point is that in the bleak beginnings of human civiliza- 
tion Hammurabi and Moses, and others, performed a very 
good job of laying down a set of ground rules for homo sapiens, 
a creature who has changed very little if at all during the 
eighty generations which back us up today. So thanks to the 
wisdom of the past, even in the realm of space law we are 
fairly competent to devise and promulgate rules and regula- 
tions to govern man qua man, even if at this time we can 
envision the legal parameters only as dimly as Hammurabi 
might have envisioned ours. 
But what of the other intelligent and purposeful beings who 
may exist—what of our relationships to them? There is little 
evidence to indicate that there is other intelligent life in our 
solar system. But our own galaxy, the Milky Way, contains 
forty billion stars, many larger and some smaller than our own 
sun, and in Creation we know there are at least forty billion 
such galaxies. We know that one star has numerous planets. 
We know that our planet teems with intelligent beings. Is 
it probable, therefore, that other stars have planets, and other 
planets are inhabited by intelligent beings? What are the 
odds on these propositions? We may inquire of the man who 


Presented at the ARS 25th Anniversary Annual Meeting, 
Chicago, Ill., Nov. 14-18, 1955. 
Attorney. -at-Law, Haley, Doty & Wollenberg, 1735 DeSales 


St. N. W., W: ashington 6, D. ’C. General Counsel ARS. 
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SO 


that a personal God is the Creator of all things: 
“You believe that the world was created by God for His own 
glory, but do you believe that the manifestations of God’s 
glory are confined to this one world and to mankind?” The 
lawyer may ask the questions but he cannot answer them. 
Implicit in the very statement of the questions, however, is 
the possibility that the answers may be affirmative. Much 
of this discussion will be premised on such possibility. 

As we have said, in applying laws to man as man—wherever 
man may be—we can always preserve order with tried and 
true human sanctions; that is, we can always use force in 
shaping and controlling human conduct. 

The use of humanly organized force, against other human 
beings, either as individuals or as integrated societies, no 
matter how small or how large such societies may be, has 
thus far overwhelmed our thinking. As we shall see later on, 
eminent publicists! have advocated the projection of modern 
international law as the basis for space law. But the body 
of international law is hostile, from the standpoint of both 
private international law and public law—including civil rules 
as well as rules of warfare—to the problems of travel and 
existence in deep space. Indeed, the first such projection 
might well imperil the earth satellite program unless there be 
drastic revision of existing rules of international law. 

In any event, no concepts of human law, civil or criminal, 
which are designed to be enforced on human beings, may be 
projected for the government of other intelligent beings who 
dwell elsewhere in Creation. 

In shaping the basic concepts of space law we must assume 
that other intelligent beings will not be identical to us; if it 
should happen that they are, we will be grateful for the sim- 
plification of the problems. We must be prepared to deal with 
intelligent beings who are different in kind from us and who 
live in environments different in kind from ours. It follows, 
therefore, that in the realm of space law, the principle of en- 
forcement is malum in se. In dealings between intelligent 
beings who are different in kind, force could accomplish noth- 
ing but destruction.? 

Although these propositions open great areas of juridical 
speculation, we leave them now, simply pointing out before 
we undertake to enforce our legal concepts on other intelligent 
beings as we have on the Indians (i.e., on the theory they 
could not withstand our force) that we should contemplate 
the hapless possibility that the situation might be reversed 
and we may turn out to be the savages who are decimated 
and enslaved. 

The rejection of present-day international law as the basis 
of space law follows from an understanding of what that inter- 
national law is. Hackworth defines international law as “a 
body of rules governing the relations between states. 


It isa 


' The term “publicist’’ means: ‘One versed in, or writing upon, 
public law, the science and principles of government, or inter- 
national law.’’ Black’s Law Diction: iry, 3rd edit., 1933, p. 1464. 

? These views will be imple mented in detail in subsequent 
chapters dealing with such topics as (1) the rules of space flight 
and (2) regulation of space communications. 
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system of jurisprudence which, for the most part, has evolved 
out of the experiences and the necessities of situations that 


have arisen from time to time.’’? 


Grotius was one of the first to attempt to codify international 
law. His 16th Century treatise on the law of war contains 
much of the basic material for modern international law. His 
work was “a manual of rules for making, conducting, and 
concluding war, in which, after such a cursory survey of the 
more general principles of morals as seemed to the author 
sufficient to illustrate the nature of law, and to establish the 
immutable distinction of right from wrong, he proceeds to 
inculeate the general adoption of the best usage introduced 
on these subjects in times then recent and to persuade all 
nations to pursue it by reasons of justice, by considerations 
of interest. . .’’4 

Modern legal writers, largely influenced by Grotius, re- 
gard international law as nothing more than positive law, i.e., 
law enacted by a government for the regulation of a society. 
In other words, the present-day concept of international law 
recognizes only those rules of law which are adopted by 
governments, which are accepted by the judges of courts of 
justice, which are applied by them in decisions of cases, and 
which enter into the judgments and are executed. As Hack- 
worth says, international law possesses the characteristics 
“common to municipal law.’’® His meaning is illustrated by 
the law governing the air space of the earth. That law, as will 
be shown below, is based solely on each nation’s absolute 
right of sovereignty over the space above its territory, a 
concept completely repugnant to the nature of our proposed 
travels in space. 

In searching among the traditional philosophies of law for 
one more benign to space travel we should look to the writings 
of those publicists of the 15th and 16th Centuries who be- 
lieved that international law should come from the law of 
nature. The present pertinence of the “natural theory” of 
international law is all the greater when we consider that it 
received its most searching examination at another time when 
man was faced with the problem of devising a new system of 
law upon the discovery of a new world. 

The school of international law which maintains that 
natural law should be the basis for international law is said 
to have been founded by Francisco de Vitoria. By his defi- 
nition, “the law of nations is the law which natural reason 
has established among all nations.’’ 
on atural law, the keynote of Vitoria’s philosophy, is a 
... System of rules and principles for the guidance 
of human conduct which, independently of enacted 
law or of the systems peculiar to any one people, 
might be discovered by the rational intelligence of 
man, and would be found to grow out of and con- 
form to his nature, meaning by that word his whole 
mental, moral and physical constitution.’ 


Natural law is not intangible and nonexistent, as followers 
of the positive school of law insist. It is not imposed by a 
sovereign or a legislature; it grew up before either existed. 
It does not exist in code form and has never existed in statu- 
tory form. “It is a state of mind, which is however a fact, 
that certain rights and certain duties were necessary in any 
and every society composed of human beings.’’8 

Vitoria extended the principles of natural law and applied 
them to international law as a basis of cooperation in the 
world community. He was motivated to a great degree by 
the reports sifting back to Spain of the conditions in the new 
world and the shamefully bad treatment accorded the natives: 
by adventurers interested only in gain. The success of the 
adventurers would have meant annihilation of the Indians. 
With this need, then, for a law to govern a nation’s actions in 
new territory and in relation to other nations, Vitoria set forth 
his principles of international law. 

The rule of the law of nations, “that what belongs to nobody 
is granted to the first occupant,” said Vitoria, could not be: 
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applied to America, for the land was held in lawful possession 
by the Indians. He stated further that, ““The Spaniards hay 
a right to travel into the lands in question and to sojoun 
there, provided they do no harm to the natives, and the 
natives may not prevent them.”’ The law of nations, which 
is either natural law, or derived from natural law. constitutes 
the basis for this rule, said Vitoria. Citizens of one state. 
then, could not be prevented from traveling or living in othe 
states, ‘provided this in no way enured to their hurt and the 
visitors did no injury.’’® 

Vitoria’s system of international law is based upon associa- 
tion, a community of interdependent states, each possessing 
rights and reciprocal duties. ‘‘Nature has established,” 
Vitoria adds, “‘a bond of relationship between all men.” He 
recognized the Indians as “States of the New World to which 
he would attribute the rights of States in the Old Wor!d,’™ 
Hence, the dominant group could not appoint its leader as 
the leader of the New World without the assent of the popu- 
lace. Irrespective of size, form of government, or religion, 
all states were equal and independent in Vitoria’s system.” 

These principles were further extended by another Spaniard, 
Francisco Suarez. He accepted the basic tenents of Vitoria’s 
work, but proceeded to make clear distinctions between nat- 
ural law and law of nations. Writing after the death of 
Vitoria, he advocated an association of states and the ad- 
herence to laws in the association of states. The law of these 
states, Suarez says, comes about “in great part by natural 
reason, nevertheless not sufficiently and immediately for all 
matters; and therefore certain special laws could be intro- 
duced by the usage of these same nations...’’!* But, Suarez 
said, the basis of these special laws should be natural law, 
founded on reason, “the law everywhere existing among human 
beings in society, regulating the simple needs of its members 
and the rights and duties of society towards its members and 
itself.’’ Natural law was to be distinguished from law of 
nations, however, for natural law is immutable and universal 
and originates from natural evidence, while the law of nations 
is changeable, not common to all, and of positive and human 
origin. The law of nations, applicable as it may be to the 


’ He adds, “It has developed with the progress of civilization 
and with the increasing realization by nations that their relations 
inter se, if not their existence, must be governed by and depend 
upon rules of law fairly certain and generally reasonable Cus- 
tomary, as distinguished from conventional, international law 
is based upon the common consent of nations extending over a 

eriod of time of sufficient duration to cause it to become crystal- 
fized into a rule of conduct. When doubt arises as to the exist- 
ence or non-existence of a rule of internation! law, or as to the 
application of a rule to a given situation, resort is usually had of 
such sources as pertinent treaties, pronouncements of foreign 
offices, statements by writers, and decisions of international tri- 
bunals and those of prize courts and other domestic courts pur- 
porting to be expressive of the law of nations.’’ Hackworth, 
“Digest of International Law,’’ Govt. Ptg. Off., vol. I, 1940, p. 6 

‘Sir James Mackintosh, ‘Dissertation of the Progress of 
Ethical Philosophy, Chiefly Durirz the Seventeenth and Fight- 
eenth Centuries,’’ Miscellaneous Works, vol. I, London, 1846, 
pp. 49, 50. 

5 Hackworth, op. cit. supra, p. 5'at p. 1; see also Hall, “Inter- 
national Law,” 8th edit., Higgins, 1924, p. 16. 

® Scott, ““The Spanish Origin of International Law,’’ George- 
town University, 1928, pp. 33, 116. 

7 Black’s Law Dictionary, 3rd edit., 1933, p. 1223. See also 
St. Thomas Aquinas, ‘Summa Theologica,’’ I-II, 97, 1 and 1: 
“The natural law contains certain universal precepts which are 
everlasting whereas human law contains certain particular pre- 
cepts according to various circumstances.’’ 

8 Scott, op. cit. supra, p. 9 at p. 101. 

® Vitoria, ‘De Indis et De Iure Belli Relectiones,’’ printed by 
Carnegie Institution, Washington, D. C., pp. 139, 151. 

10 Tbid. 

11 Scott, op. cit. supra, p. 9 at p. 25. 

12 Vitoria rejected the Roman principle of extension of empire 
in “the cause of allies and friends’’ as a basis for granting Spain 
any territory or right in America. Scott, op. cit. supra, p. 9) at 
». 38. 

' 13 Suarez, ““De Legibus,’’ IT. xix. 9. 
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judgment of men.”!4 
Suarez’s great distinction was that natural law arises of 
“necessity from the nature of things by an evident and logical 
(eduction from natural principles,” its obligatory character 
being due to its natural source, and that it prohibits that 
which is evil per se, while the law of nations defines the evil in 
prohibiting it. The two legal systems, however, also have 
points in common. They are both “in a certain sense common 
to all people. ..they apply only to human beings and they 
poth include precepts, prohibitions, and also certain privileges 
and permissions.” 

Suarez envisioned as did Vitoria an international community 

emposed of independent, perfect States bound by “a certain 
wity” with each “a member in a certain fashion of this uni- 
yerse, SO far as it concerns the human race.””'® Such an inter- 
national community was an outgrowth of state government, 
based upon the natural impulse of man toward social relation- 
ships, urging them to unite. This concept furnished the 
basis for the more impressive international community en- 
yisioned by Vitoria and Suarez, founded on the same basic 
precept. 
Wars, colonialism, and strong nationalism throughout the 
world have overwhelmed the sound basis of international law 
for which Vitoria and others argued. Although phases of the 
lw of nature and some principles of eyuity and morality are 
nfused into it,” international law today is largely self-serving 
nunicipal law. 

Natural law, Aristotle said, “is that which has the same 
authority everywhere, and is independent of opinion 
International law, as it has developed, is virtually the an- 
tithesis of natural law as thus defined. Since what is needed, 
above all, in evolving rules of conduct for the opening of the 
new frontier in space is a set of principles which are beyond 
national disagreement, it is evident that our space jurispru- 
lence must be based upon something other than present- 
day international law. 
This conclusion is aptly illustrated by the “international 
law” relating to rights in air space. This law is not inter- 
itional—it is a hodgepodge of strong laws of individual na-- 
tions which assert absolute sovereignty over air space. There 
rea few pious declarations of international organizations 
hinting at the need for some sort of freedom of the air. But. 
there is really no such freedom. We shall discuss this matter. 
indetail because of its direct bearing on space flight and the 
unmanned satellite of the earth. 


2 The Background—Sovereignty Over Air 


Historically, the sovereign has always asserted exclusive, 
absolute dominion over the land and everything incident to — 
the land, including the space above it. This is and tradi- | 
tionally has been the civil law, as well as the private and 
public international law. In England, for example, land- 
owners were held to have extensive rights of ownership of the 
air and subsurface areas, but these private rights were granted 
by the sovereign. As will be pointed out later, the sovereign 
powers have withdrawn most of these rights in those instances 
where they originally existed. They were based on two 
fundamental maxims" of English common law which provided 
generally that private ownership of land extended from the 
earth indefinitely up to the sky and indefinitely down into 
the earth." In any event, these private rights could be as- 
serted only against other private citizens; the sovereign never 
parted with its paramount right to control the space above its 
territory. 

International concern over the rights of governments in air 
space became significant at the beginning of the Twentieth 
Centuury—approximately the time of the Wright brothers’ first 
fight. In 1902 the Institute of International Law, meeting 
it Brussels, considered a proposed convention on the regula- 
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tion of aerial navigation, drafted by Paul Fauchille, and ap- 
proved it at the 1906 meeting in modified form.” The 
convention would have made the air free to commerce and 
travel, just as is the sea. The provision for national security 
measures, while vague and indeterminate, was a reasonable 
reservation of sovereign rights to protect against civil negli- 
gence or hostile action through the air, but it was not in- 
tended that any nation should usurp the air completely. 

The proposal was never implemented in an international 
convention. The proposal is significant, however, as being 
the first attempt at codification of the subject. It is also 
significant because it is one of the few times that the publicists 
have proposed “freedom of the air.” 

Further provisions expanding the 1906 proposal were 
adopted when the Institute met again in 1911. Fauchille 
and L. Von Bar prepared the basic document which required 
the marking of aircraft as to nationality of the country of 
registration.2!. Similar provisions have appeared in later 
international agreements on the utilization of air space.” 

Fauchille’s proposal was brushed aside by all nations dur- 
ing World War I. Each nation asserted its absolute domin- 
ion over the space above its land. For most countries the 
maintenance of neutrality required such action. The King- 
dom of the Netherlands, on the air route between England 
and Germany, was especially vocal in warning belligerent air- 
craft away from the air over its territory and, on a number of 
occasions, it expressed the legal nature of its sovereignty over 
its air space. 

In August 1914, the Netherlands interned a German 
hydroplane which had been forced down in waters near the 
coast of the Netherlands. The German Government took 
the position that the aircraft was like a warship because (a) 
it was attached to a warship, and (b) it was in itself a war 
vessel while in the water; and that as a warship it should be 
permitted, pursuant to international law of the sea, to be 
repaired within a certain time and then to leave the Nether- 
lands area. The Netherlands rejected these contentions, 
saying 


aeroplanes, including hydroaeroplanes, could 
not be considered warships. They are things sui 
generis which do not fall within the application of 
the articles of the Proclamation of Neutrality deal- 
ing with the treatment of warships. . . . This attitude 
conforms to international law, especially since no 
special treaty provision exists with respect to the treat- 
ment of belligerent aeroplanes on the territory of a 
neutral Power.?* 


— 14 Scott, op. cit. supra, p. 9 at pp. 92, 97. 

‘6 Suarez, op. cit. supra, p. 15 at p. 90. 

6 Suarez, op. cit. supra, p. 15 at p. 9. 
1 Hackworth, op. cit. supra, p. 5 at p. 3. eet 

18 “Cujus est solum ejus est usque ad coelum. ‘Whose is the 
soil, his it is up to the sky.’ Co. Litt. 4a. ‘He who owns the 
soil, or surface of the ground, owns, or has an exclusive right to, 
everything which is upon or above it to an indefinite height.’ 
9 Coke, 54; Shep. Touch. 90; 2 Bl. Comm. 18; 3 Bl. Comm. 217; 
Broom. Max. 395. Cujus est solumn, ejus est usque ad coelum et 
ad inferos. ‘To whomsoever the soil belongs, he owns also to 
the sky and to the depths. The owner of a piece of land owns 
everything above and below it to an indefinite extent.’ Co. Litt. 
4.’’ Black’s Law Dictionary, 3rd edit., 1933, p. 487. 

19 Cf., however, the dictum in Pickering v. Rudd, 4 Camp. 219, 
221, 1815, that the flight of balloons over the property of others 
did not make the owners of the balloons liable to an action of 
trespass quare clausum fregit. 

“Annuaire de l'Institut de Droit International,’’ 1902; 
21 id., 1906, 293, 297. 

21 24 id., 1911, 23, 303. 

22 See p. 31, infra. 

23 (Emphasis supplied by the author.) Netherlands, Ministry 
of Foreign Affairs, Recueil de diverses communications du 
Ministre des Affaires Etrangeres aux Etats-Generaux par rapport. 
a la neutralite des Pays-Bas et au respect du droit des gens, 1916, 
pp. 144-145, 
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The same rule was applied when the flight was not on a war 
mission. In 1915, the Netherlands interned a German avia- 
tor who had been engaged in a training flight and denied a 
request for release on the grounds that the nature of an air- 
plane is such that it is impossible to determine whether its 
flight is warlike or innocent.*4 

The Netherlands Government protested a flight of German 
zeppelins over the Netherlands on Sept. 8, 1915, occurring be- 
cause of navigational errors in foggy weather. The Nether- 
lands note stated 


Flying over the territory of a state without its consent 
is incompatible with respect for its sovereignty. 


As a result of such incidents, in Dec. 1916, Germany agreed 
to the internment in Holland, for the duration of the war, 
of any airship and its crew landing on Netherlands territory. 

As for the belligerent nations, there was no doubt that they 
assumed absolute dominion over their air space, usually as- 
serted in a formal declaration. The United States, for 
example, was governed by the proclamation of President 
Wilson regulating civilian flying during World War I.* 

After World War I the law of absolute sovereignty over air 
space was formalized in the Paris Convention for the Regula- 
tion of Air Navigation (1919) which provided that: 
ti; 

ae ...every Power has complete and exclusive sover- 
_-—_—_s eignty over the air space above its territory.?’ 


The Convention defined territory as national land area, colo- 
nies, and adjacent territorial waters. 

The Paris Convention of 1919 also established other signifi- 
cant regulations on international flight pertaining to the rights 
of nations to air space. While granting “complete and exclu- 
sive sovereignty” to the individual nations, the Paris Con- 
vention required individual nations to observe the following 
conduct: 


1 Aircraft of foreign nations have freedom of “innocent 
passage’’ over national territory subject to certain regulations. 


2 Regulations made by the sovereign as to flights over its 
territory shall apply without distinction among nations.* 

3 A sovereign may set up “prohibited zones” and foreign 
aircraft must not fly over such zones. In case of violation of 
such prohibitions, foreign aircraft must give the international 
distress signal and land promptly. 

4 Nations which signed the Paris Convention may make 
separate, bilateral agreements on aerial rights with nonsign- 
ing nations. Such agreements must not conflict with the 
rights of the parties to the Convention. 

5 The provisions of the 1911 meeting of the Institute of 
International Law as to aircraft registry and nationality were 
adopted in the Convention. 

6 Military flights may not cross foreign air space without 
the permission of the sovereignty. 

7 Transportation of munitions and explosives over foreign 
air space is prohibited. 


The Paris Convention was an outgrowth of World War I. 
In the opinion of some it was an undesirable and unwise 
agreement reflecting wartime philosophy. Albert Roper, 
for example, condemned it as a “brutal suppression of the 
freedom of the sky, so dear to eminent jurists in the early 
years of the century...”?® Nevertheless, the Paris Conven- 
tion became binding on most of the nations of the world, and 
its philosophy is practically unchanged today. 

The United States representative signed the Convention 
in 1920 with reservations permitting United States private 
aircraft to fly over “forbidden zones” in the United States, 
where foreign aircraft could not fly and further allowing the 
United States to make agreements with Canada and any 
nonsigning nations in the Western Hemisphere. The Con- 


vention was not ratified by the United States Senate, how- 


ever, because of the provision which placed its administration 
under the League of Nations to which the United States did 
not belong. Nevertheless, the United States observed the 
terms of the Convention on an unofficial basis. 


As soon as the Paris Convention was signed the prohibitions 
against flight of aircraft of nonsigning nations over territory 
of the signers became burdensome. A protocol providing for 
exceptions to this provision was ratified and became effective 
on Oct. 27, 1922. 

In 1923 the Commission of Jurists met at The Hague to 
prepare Rules of Aerial Warfare.*! The Rules, which were 
not formalized as a treaty, provide that “Belligerent military 
aircraft are forbidden to enter the jurisdiction of a neutral 
State” (art. 40); a neutral government must ‘‘use the means 
at its disposal to prevent the entry within its jurisdiction of 
belligerent military aircraft and to compel them to alight if 
they have entered” and to “use the means at its disposal to 
intern any belligerent military aircraft’’ which has “alighted 
for any reason whatsoever, together with its crew and the 
passengers, if any” (art. 42). 

The first major conference of private air law authorities 
after the end of World War I took place in Paris in 1925 when 
the International Technical Committee of Aerial Legal Ex- 
perts (CITEJA) was created. 

The sovereignty of the United States over its air space was 
declared in 1926 in the Air Commerce Act.*? 

In 1928 a general agreement was reached among nations 
of the Western Hemisphere at Habana.** 

The signatories of the Habana Convention guaranteed each 
other “freedom of innocent passage’’ for private aircraft and 
forbade discriminatory regulations governing entry of foreign 
aircraft. The Convention also authorized bilateral agree- 
ments between signatories.*4 

The private international conferences on aerial law which 
had been instituted by Fauchille and others in 1902 were re- 
vived on a governmental level in the late 1920’s and early 
1930’s. The Second International Diplomatic Conference on 
Private Air Law, held in 1929 at Warsaw, Poland, dealt with 
the liability of air carriers for death or injury to passengers or 
damage or destruction of property.** A Sanitary Convention 
for Aerial Navigation, concluded at The Hague in 1933, pre- 
scribed action to be taken by aircraft upon detection of various 
diseases in international flight.* 

The Third International Conference on Private Air Law 
(Rome, 1933) adopted rules limiting the right to attach air- 


pp. 139-140. 

%Td., pp. 135-138. 

6 See, e. g., President Wilson’s proclamation of Feb. 28, 1918, 
appended to § 1042a, U. S. Comp. Stat., 1918 edit., embodying 
Title I, § 1, Chap. 30 of the Espionage Act of June 15, 1917. 

2711 League of Nations Treaty Series, 1922, pp. 173-310. _ 

% See p. 32, infra, for modification insisted upon by the United 
States. 

29 “Recent Developments in International Aeronautical Law,” 
Journal of Air Law, I, 395. 

*” Telegram from Secretary of State Colby to U. S. Ambassador 
Wallace in Paris, no. 722, April 9, 1920. MS. Dept. of State file 
579, 6D 1/486. 

31See Commission of Jurists to Consider and Report Upon 
the Revision of the Rules of Warfare (The Hague, 1923); Moore, 
“International Law and Some Current Illusions and Other 
Essays,’’ 1924, 182 et seq.; vol. I, pp. 45-46, “Digest of Inter- 
national Law,’’ Govt. Ptg. Off., 1940. 

32 Stat. 1028, 49 USC par. 176. 

33 Treaty Series 840: 47 Stat. 1001. : 

34Td., Article IV. The first bilateral agreement on air naviga- 
tion entered into by the United States was with Canada in 1929. 
Ex. Agree. Ser. 2. Agreements have also been entered into 
with Italy, Germany, Sweden, Norway, South Africa, Denmark, 
Great Britain, the Irish Republic, Liberia, and France, among 
others. 

% Treaty Series 876, 49 Stat. 3000. 

% Treaty Series 901, 49 Stat. 3279. 
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craft for debt and limiting liability for injuries by aircraft. 
The United States Senate did not ratify the Rome conven- 
tions. 

In 1938 the United States enacted the Civil Aeronautics 
Act, amending somewhat the assertion of sovereignty over air 
space which was made in the Air Commerce Act of 1926 and 
providing for the flight of commercial aircraft of foreign na- 
tions over the United States in accordance with authorizations 
issued by the Civil Aeronautics Board (then the Civil Aero- 
nautics Authority).” 

In 1939 President Roosevelt issued an Executive Order 
regulating the flight of aircraft in the Canal Zone. This asser- 
tion of jurisdiction over air space in the Canal Zone area was 
immediately challenged by a Panama Court which held that 
the Republic of Panama had sovereignty over the air space.* 
The United States Department of State replied to this hold- 
ing by pointing out that the United States had traditiona!ly 
assumed jurisdiction over the air space in the Canal Zone are: 
pursuant to well-established international law. Panama 
conceded, and the United States’ sovereignty over the Canal 
Zone air space has not been challenged since that time. 

The beginning of the Second World War in 1939 and the 
vital role played by aircraft in that conflict gave tremendous 
emphasis to the legal rights of nations to the air space above 
their territories. This was particularly important to the 
neutra! countries. The general rule was that belligerent air- 
craft could not enter the domain of a neutral country—and 
that domain included the air space above the land and above 
the adjacent territorial water. The republics of the Western 
Hemisphere adopted a general declaration of neutrality at 
Panama on Oct. 3, 1939, denouncing ‘“‘as a contravention of 
their neutrality any flight by the military aircraft of a bellig- 
erent state’ over their territory.*® Press reports at the 
time indicated that Germany was claiming the right to fly 
over territory of the Netherlands and Belgium at a height in 
excess Of three miles, acting on the theory that national 
sovereignty over the air spaces is limited to a distance equal 
to the maritime territorial belt.“ The Netherlands rejected 
this proposition, claiming sovereignty over its air space to. 
“any altitude.”’*! 

Toward the end of the Second World War a Convention on 
International Civil Aviation was concluded in Chicago, IIl., 
declaring that “every state has complete and exclusive 
sovereignty over the air space above its territory.42 The 
term “territory” was defined as “the land areas and terri- 
torial waters adjacent thereto under the sovereignty, suze- 
rainty, protection or mandate of such state.”43 The Conven- 
tion further declared in Article 8 that “No aircraft capable of 
being flown without a pilot shall be flown without a pilot over 
the territory of a contracting state without special authoriza- 
tion by that state and in accordance with the terms of such 
authorization.” This clearly applies to guided missiles, pilot- 
less aircraft, and unmanned earth satellites, but only if op- 
erated as civil aircraft. 

This most recent major international agreement concerning 
civil aviation has been ratified by sixty-six nations and is in 
force today. Among the nations which have not ratified the 
Convention are USSR, Communist China, Hungary, and 
Bulgaria. 

; The International Air Transport Agreement was drawn up 
simultaneously with the Chicago Convention in 1944, and was 
subsequently ratified by seventeen states.‘ Under this 
agreement, commonly referred to as the “Five Freedoms 
Agreement,”’ the contracting states granted each other in 
respect to scheduled international air service by civil aircraft 
the privilege of transit without landing. Each of the con- 
tracting States maintained complete sovereignty over the air 
space above its territory and territorial waters. 

Several writers on the subject of International Law, com- 

menting on the Chicago Convention on International Civil 
Aviation, regard the doctrine of absolute sovereignty over air 
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space as one which is firmly imbedded in international law, 
and which “may certainly be now accepted as the primary 
rule of the International Law of the air, and must be con- 
sidered by any world organization.’’“ 

We have used the terms ‘“‘space above the territory,” “air 
space,”’ and so on, indiscriminately in the foregoing historical 
summary. We use the terms as they have been used in the 
various unilateral or multilateral declarations which make up 
the stuff of our international law. Each such declaration, 
regardless of the term used, is designed to avoid injury or 
threats of injury to the declarant and his territory. The pur- 
pose is to prevent the flight over declarant’s territory—at 
whatever height—of any man-made thing which may harm 
him or spy upon him. From this point of view the height of 
the forbidden space is to be determined functionally from the 
nature of the flight. That, in our view, is inherent in the 
modern concept of sovereignty over space. Professor West- 
lake expressed a similar view at the 1906 Institute of Inter- 
national Law. He “assumed that the State had territorial 
rights in space as high as flight could exist, but at the same 
time he assumed that such flight must take place in what he 
termed ‘airspace.’ 

In the last few years the concept of the “aeropause”’ has 
been developed. The term arises as a biological and physical, 
rather than political or juridical, concept. ‘As the word 
suggests, it designates the altitude at which the atmosphere 
ends and space begins insofar as they affect the pilot and 
vehicle.”’® 

It is obvious that jurisdiction over regions beyond the 
atmosphere will be claimed at least until each interested na- 
tion has successfully launched manned satellites into the 
aeropause area and returned them to Earth. For example, 
the United States at the present time forbids the aerial photo- 
graphing of certain governmental installations, and the law 
does not exempt such photographing because of any height 
factors that might be involved.*® And, as we have already 
observed, the International Civil Aviation Convention forbids 
the unauthorized passage of a pilotless aircraft ‘over the terri- 
tory of a contracting State” without limitation as to height.” 


_ 3 The Unmanned Earth Satellite 1 


In the light of the untrammeled nationalist sovereignty in- 
herent in our rules of international law, the inauguration of the 


37 52 Stat. 973, 49 U.S.C. § 176. 

8 Resolution, Sup. Ct. of Panama, Ist Jud. Dis., Feb. 22, 1939. 

39 Report of the Delegate of the United States of America to the 
Meeting of the Foreign Ministers of the American Republics, 
held at Panama Sept. 23-Oct. 3, 1939 (Department of State, 
Conference Ser. 44, 1940) 55-56. 

40 See Note by Kuhn in 34 A. J. I. L. (1940) 104. 

41The Minister of the Netherlands (Loudon) to the Under 
Secretary of State (Welles), Sept. 5, 1939, MS. Department of 
State, file 740.00111, European War 1939/600. 

42;Convention International Civil Aviation, 
Chicago in Dec. 1944. 

43Td., Article 2. 

44 Subsequently, six of the contracting states withdrew their 
ratification of the agreement and at present only eleven states 
are still parties to the agreement. 

4 International Air Transport Agreement, 1944, Article I (1). 

4 John C. Cooper, “Air Transport and World Organization,’’ 
55 Yale Law Journal 1195. See also Charles 8. Rhyne, “Inter- 
national Law and Air Transport,’’ 47 Michigan Law Review 43. 

47 Cooper, “High Altitude Flight and National Sovereignty,’ 4 
International Law Quarterly 3, July 1951, p. 412. : 

48 Ordway and Canney, “The Respectability of Astronautics 
as Reflected by Recent Developments in the United States,” a 
paper read at the Fifth International Astronautical Congress, 
Innsbruck, 1954. 

49 Executive Order no. 10104, Feb. 1, 1950, 5 F.R., 597. 

50 See also, Fixel, Rowland W., “The Law of Aviation,’ 3rd 
edit., p. 70, The Michie Company, 1948; NeNair, Sir Arnold 
Duncan, “The Law of the Air,” 2nd edit., Kerr and MacCrindle, 
p. 32, Stevens and Sons, Limited, 1953. 


concluded at 


955 


Ow- 
e- 
h 
n 
h = 
4 
n 
s | 
i 
) 
4 
e 


most felicitous incident of the generation. The entire pro- 
gram could have been stopped by the protest of a solitary 
sovereign nation over which the satellite might pass, or end- 
lessly delayed by detailed international negotiations. The 
inauguration of the program in a peaceful and uncomplicated 
manner is a great achievement of scientists throughout the 
world. The background of this epochal event deserves de- 
tailed commentary. 

The program that was published in Aug. 1955,*! was pre- 
pared by the United States National Committee for the Inter- 
national Geophysical Year, its Technical Panels in the various 
IGY disciplines, and its Secretariat. The public was in- 
formed that international cooperation in the study of our 
physical environment is not new; that the importance of geo- 
physical data gathered over relatively remote areas of the 
earth was recognized in the last century in the conduct of the 
First International Polar Year in 1882-1883, when meteoro- 
logical, magnetic, and auroral stations were first established 
in Arctic regions; that a Second International Polar Year 
was held in 1932-1933, fifty years later; and that these two 
international endeavors contributed greatly to our knowledge 
of the earth’s magnetism and of the ionosphere. 

The mission of the USNC-IGY is to assemble and study 
data from all parts of the world on such subjects as solar ac- 
tivity, longitude and latitude, glaciology, oceanography, 
meteorology, geomagnetism, aurora and airglow, ionospheric 
physics, seismology and gravity, cosmic rays, and upper at- 
mosphere rocket studies, including the use of instrumented 
satellite vehicles. Because of the inherently global nature of 
these studies, the Aug. 1955 Report points out, the effort must 
be conducted ‘‘on a coordinated basis by fields and in space 
and time so that the results secured not only by American 
observers, but by participants of other nations, can be as- 
sembled together in a meaningful manner.” 

The Special Committee for the International Geophysical] 
Year (French abbreviation: “CSAGI’’), the international 
body of which the USNC-IGY is a constituent, held its first 
plenary seminar in 1953. Initially, the CSAGI did not pro- 
vide for a Rocket Group. The importance of upper atmos- 
phere investigations was emphasized at the XIth General 
Assembly of URSI at The Hague, Aug. 23 to Sept. 3, 1954.5? 

Commission III of URSI adopted a resolution recognizing 
“the extreme importance of continuous observations, from 
above the E-region, of extraterrestrial radiations, especially 
during the forthcoming International Geophysical Year’’ and 
pointing out that “an extension of present isolated rocket ob- 
servations by means of instrumented earth satellite vehicles 
would allow the continuous monitoring of the solar ultra- 
violet and X-radiation intensity, and its effects on the iono- 
sphere, particularly during solar flares, thereby greatly en- 
hancing our scientific knowledge of the outer atmosphere.”’ 

Following the URSI resolution, CSAGI held a meeting in 
Rome, Sept. 30 to Oct. 4, 1954, at which a Rocket Group was 
formed and a Rocket Program outlined. The official Minutes 
of the Rocket Group [Working Group XI] contain the follow- 
ing entry: 

In view of the great importance of observations 
during extended periods of time of extraterrestrial 
radiations and geophysical phenomena in the upper 
atmosphere, and in view of the advanced state of pres- 
ent rocket techniques, CSAGI recommends that 
thought be given to the launching of small satellite 
vehicles, to their scientific instrumentation, and to 
the new problems associated with satellite experi- 
ments, such as power supply, telemetering, and 


orientation of the vehicle. 


The world was gratified to receive the news on Friday, July 
29, 1955, that an earth satellite program would be launched 


unmanned earth satellite program stands out as perhaps the 
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under the auspices of USNC-IGY. The International Astro. 
nautical Federation convened in Copenhagen two days after 
— announcement and cabled President Eisenhower: 


The I.A.F. regards this undertaking as one of 
highest importance and an assured step in the evo- 
lution from aeronautics to astronautics. 

We are particularly happy at the announcement 
that the scientific data obtained will be available to 
all nations as testimony of the peaceful application 
of rocket technology for the benefit of all mankind.*' 


The Associated Press reported that ‘‘Nikita S. Khrushchev, 
First Secretary of the Soviet Communist party, said that if 
President Eisenhower’s earth-satellites program is ‘in the 
interests of mankind, then the Soviet government is always 
prepared to support it.’ >> Two months earlier, the Russians 
had announced the organization of their own “Interdepart- 
mental Commission for Interp!anetary Communications.” 

As we have seen, July 29, 1955, was a momentous day in 
history. But under the principles of existing international 
law, any sovereign state could have nipped it in the bud. It 
could have announced that the launching of a man-made 
sarth satellite to pursue an orbit over its territorial domain 
would constitute an act of war. It could have insisted that 
the very planning and inception of such a program required 
preliminary international agreement. But none complained, 
none protested, and the program is_ proceeding.» The 
scientists have benefited mankind as a whole in a field where 
the lawyers might well have failed. 

The foregoing discussion serves to focus attention on the 
views of two eminent present-day publicists, John C. Cooper 
of the Institute of Advanced Studies and Oscar Schachter, 
Director of the General Legal Division, United Nations. 

Schachter’s view is that national sovereignty should extend 
as high over the land “‘as the atmospheric elements necessary 
to ‘lift’ airecraft.”*” Cooper’s idea of the reasonable rule is to 
extend the sovereignty of each state “as far as their scicntific 
progress. ..permits each state to control space above it.” 

Schachter’s rule is unrealistic in that the atmosphere or the 
ability to “lift” an aircraft has no critical reference to the prob- 


5! Proposed United States Program for the International Geo- 
physical Year 1957-1958, Aug. 1955. 

52 Report to the National Research Council, USA National 
Committee of URSI on the XIth General Assembly of URSI at 
The Hague, Netherlands, Aug. 23-Sept. 3, 1954, submitted to 
William W. Rubey, Chairman, National Research Council, 
Oct. 18, 1954, by A. H. Waynick, Chairman, USA National 
Committee of URSI. 

53 Since 1952, the AMERICAN Rocket Society had been advo- 
cating that the National Science Foundation of the United States 
undertake studies of a satellite program and, in most respects, 
the programs recommended were parallel to those of URSI and 
CSAGI. Jerr Propussion, vol. 25, Nov. 1955, p. 631. 

54 Minutes of the Sixth International Astronautical Congress, 
Copenhagen, Aug. 1-6, 1955. 

55 New York Herald Tribune, Paris edit., Aug. 2, 1955. 

56 Tt is recognized, of course, that the apparent acquiesence of 
some states may change to recaleitrance. One commentator ob- 
serves, for example, that “the communist world’’ is ‘“dourly 
skittish about’’ foreign objects passing overhead. He notes that 
the USSR “has created sharp issues over American weather 
balloons passing above Soviet territory,’’ and asks, ‘(How much 
more might the Soviets object to satellites loaded with the latest 
observational equipment?’’ Yeager, “Outer Space Rights Puzzle 
World,’’ Nation’s Business, April 1956, pp. 40, 41. 

57 “Tegal Aspects of Space Travel,’’ 11 Journal of the British 
Interplanetary Society 14, Jan. 1952. 

588“High Altitude Flight and National Sovereignty,’’ 4 /nfer- 
national Law Quarterly 3, July 1951, p. 419. (AuTHOR’s Note: 
Several months after I wrote this paper Professor Cooper, in a 
memorable speech before the Institute of International Affairs 
in Washington, made certain assertions which have convinced 
me that I have herein misunderstood his earlier writings. ) 
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lems of space. Cooper’s rule presents the disquieting pros- 
pect that a state with extraordinary scientific resources could 
extend an empire into deep space. It is a counterpart of the 
‘might makes right” principle which pervades maritime law 
and which kept England the mistress of the seas for centuries. 
Yet both rules have at least this to recommend them: they 
impose some limit over national sovereignty, Schachter’s a 
nominative limit®*? and Cooper’s an obviously empirical one. 
The importance of having any limit, no matter how distant, 
yecomes apparent when we consider that we dwell on the 
surface of a sphere, so that perpendiculars drawn to the bor- 
lers of a state would not be parallel, but would diverge into 
space us a “hypothetically infinite. ..funnel of dominion.’’® 
Anything which limits these awesome vistas is desirable. 

The very nature of the problem is such that all human 
beings are directly and intimately involved in its solution. 
It may well be that there is no forum presently existing or 
ever envisioned which can cope with the problem in the best 
interests of all humanity. The League of Nations failed, and 
the United Nations may topple. But when problems persist, 
solutions have a way of emerging. 

In the meantime, our only recourse is to work with the tools 

at our command. The United Nations should set up a 
Commission to study the legal and jurisdictional questions 
and an effort should be made to reach an understanding 
among all nations on those questions. Through the United 
Nations or by multilateral treaty-making, the principles 
should be established, as an interim proposition, that whereas 
each State may bar the passage of unfriendly high altitude 
rockets and satellite vehicles, none may prevent the passage 
of rockets and vehicles conducting scientific investigations, 
although the latter must conform to rules of safety adopted 
by conventions. Under no conditions should familiar param- 
eters of jurisdiction be claimed, either by individual States 
or by the United Nations, over the area beyond the aero- 
pause.°? 
These principles must necessarily have only interim ap- 
plication, for there must be a basic principle that the regions 
beyond the aeropause may be claimed by no nation; mankind 
may make only such utilization of space as will be for the 
benefit of all mankind and to the detriment of no other 
intelligent creature. 


1 Communications Laws and Controls 


In our present state of knowledge, scientific attainments, 
and communications techniques, the only means of guidance 
to and communication with the aeropause and beyond must 
be by radio. Other means of imparting intelligence and of 
earth control and remote control undoubtedly will be devised 
under the impetus of positive requirements. But solutions 
which will be found in centuries to come do not minimize the 
problems of the present day. 

The problems of remotely controlling an unmanned earth 
satellite, either from earth or from some spatial point, and of 
automatically imparting knowledge through instrumentation 
in the satellite and on earth by use of radio spectrum are com- 
paratively simple. We must remember, however, that the 
day is not very distant when those problems will multiply 
tremendously. With the advent of the manned satellite, all 
the problems of communicating intelligence will become quite 
complicated and will call for more and more use of the radio 
spectrum. Later, with the tremendous achievement of free 
fight in deep space will come immense communications 
problems. 

The space use of radio has been discussed in many articles. 
We refer here only to four: Wernher von Braun’s “The Mars 
Project” 6? John R. Pierce’s “Orbital Radio Relays,’’® sup- 
porting the Third Report of the Space Flight Committee of 
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the AMertcan Rocker Society; George O. Smith’s article 
in the Journal of the British Interplanetary Society;’* and the 
chapter on “Communications” in Arthur C. Clarke’s “Ex- 
ploration of Space.’’® 

Von Braun dispels any fear that radio will not be able to 
reach far enough into space to be effective. He points out 
that the U. S. Army in 1946 recorded radio waves reflected 
from the moon and concludes that ‘‘a powerful transmitter in 
space would have no trouble being received on earth, even 
at a distance many times that between earth and moon.”’ 
He says that frequencies in the 10 cm (3000 mc) band are the 
most desirable because of the ‘‘lower power required”’ and the 
“wider bandwidth” which may be utilized. Von Braun had 
computed the minimum bandwidth required for operation in 
the 3000 me range as 600 cps, which he says is about the 
narrowest band which would be useful for communication 
purposes in space flight. 

As to equipment, Von Braun says that “unusual output 
power is developed by. ..the Magnetron in the 10 cm band” 
which can reach Mars with ease. In fact, existing equipment 
could reach beyond Mars. This excessive or “reserve range”’ 
permits the communication system to be modified so as to re- 
duce equipment weight, or to transmit speech and music, 
with hand key communication reserved for extreme ranges. 

Pierce believes that the earth satellite program will aid 
transoceanic communications on earth. He envisages two 
systems: ‘“‘one consists of enough spheres [satellites] in rela- 
tively near orbits so that one of them is always in sight at the 
transmitting and receiving locations. The sphere isotropi- 
cally scatters the transmitted signal, so one has merely to 
point the transmitter and receiver antennas at it to complete 
the path.’’ His second proposed system is a single satellite 
22,000 miles above the earth, and visible to all inhabited areas. 
The actions of the sun and moon on this satellite would neces- 
sitate remote control and periodic reorientation from earth. 
A 5-mce television channel to be carried by the single satellite 
system would require a 1000-ft sphere repeater and 10,000,000 
watts power on earth. The same channel carried by a sys- 
tem of low level satellites would require only 100,000 watts. 

Smith recommends a teletype system of transmission in the 
-arth-to-moon link as the most accurate means of communi- 
cation; for an orbital station-to-earth link, he suggests both 
audio and teletype systems. There will be no reflections or 
refractions in space, such as those that limit terrestrial com- 
munications, since radio travels in straight lines througha trans- 
parent medium. Galactic noise is not of a high level and 
the spectrum is spotty, Smith says, and therefore a con- 
venient gap can be used for space radio. All problems in 
space communication seem to lie, then, below the first 500 
miles of altitude. 

The teletype system of space communications for this inter- 
planetary network in the initial stages of space travel will be 
used primarily for transfer of technical data and instructions 


(Continued on page 968) 


59 Schachter notes that his suggested limit “‘would be in keeping 
with the purpose and intent of the treaties relating to aviation, 
which have thus far defined the upper limits of state sovereignty.”’ 
Supra note 92. 

60 Ball, “Shaping the Law of Weather Control,’’ 58 Yale Law 
Journal 213, 236, 1949; see also Jenks, “International Law and 
Activities In Space,’’ 5 /nternational and Comparative Law Quar- 
terly 99, 103-104, 1956. The area at the mouth of the ‘“funnel’’ 
would increase in proportion to the square of the distance from 
the earth. 

61 The earth satellites now in preparation must obviously be 
excepted from this prohibition. 

- 62 University of Illinois Press, 1953. 


: Third Report Space Flight Committee, ARS, 1953. 
6412 Journal of the British Interplanetary Society, Jan. 1953, p 


6 Harper & Brothers, 1951. 
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of Vibrations 


If a transparent test tank partially filled with water is 
strongly vibrated, small gas bubbles originated by surface 
disturbances appear in the lower parts of the vessel. 
These bubbles do not rise to the surface as would be ex- 
pected from their buoyancy, but perform vibratory 
motions at the bottom or at the sides of the tank. As 
the rocket engine of a missile causes heavy vibrations, the 
possibility of the occurrence of similar bubble phenomena 
in fuel tanks is worth consideration. The present paper 
is a step toward an explanation of the complicated phe- 
nomena observed in the test tank. The basic equations 
for the motion of small gas bubbles in an inviscid liquid in 
the presence of harmonic vibrations are derived, and the 
mechanism which may make bubbles move contrary te 
gravity forces is explained. Applying the theory to cylin- 
drical tanks, it is found that for sufficiently strong vibra- 
tions there are regions in the tank in which bubbles move 
downward and, further, that there are points where 
bubbles will collect. The paper does not treat all the 
phenomena observed in the test tank; e.g., the important 
question of the creation of the bubbles at the surface is 
left for future work. 


Nomenclature 


oe = reference (nominal) radius of bubble 

CLC = coefficients in Equations [39, 41] defining the ac- 
celeration in an elastic vessel 

f =f(h,r) = distribution of the applied dynamic pressure 
(Eqs. [29, 39]) 

g = gravitational constant 

h = depth of bubble below surface; specifically, depth 
at which bubble oscillates without rising 

Io = modified Bessel function 

M = total mass of fluid in vessel 

N = number defining the applied acceleration ¢ = 
€08 wt 

Pp = gas pressure in bubble ‘aye, 

Do = ullage pressure in vessel ny hal 

= po+hgstatic pressureatdepthh 

= dynamic pressure due to vibration 

P = potential energy 

r = radial coordinate (Fig. 4) aa 

R = radius of cylindrical tank i t=: 

t = time 

T = kinetic energy 

u = vertical component of fluid velocity 7 

v = velocity (vector) of a fluid particle 

v = volume; specifically, volume of bubble 

x(t) = displacement of vessel with respect to a reference 
line 

2(t) = relative depth of bubble below the surface which a ; 


moves with the velocity z(t) 


Received May 12, 1956. 

‘The investigation on which this paper is based was spon- 
sored by The Ramo-Wooldridge Corp., Los Angeles, Calif. 

2 Director. Mem. ARS. 

’ This fact was first observed by Y. C. Lee, Principal Engineer, 
and C. C. Miesse, Physicist, Aerojet-General Corp., who brought _ 
the matter to the writer’s attention. 
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an the Motion of Small Gas — 
Bubbles ina Liquid 


H. H. BLEICH?’ 


Guggenheim Institute of Flight Structures, Columbia University, New York, N. Y. 


h (Eq. (13 


as 1 Dimensions of test tank with rubber skinned bubble 


2(t) = relative velocity of bubble with respect to fluid in 
vessel 
a = coefficient defining the change A of the bubble 
radius (Eq. [16]) 
oe ratio of specific heats of gas 
A = increase in bubble radius above the _ re/erence 
7 radius a (Fig. 3) 


coefficient pertaining to elastic cylindries! tank 
(Eq. [39]) 


p = density of fluid 

£=2-—h = depths of bubble below levelh 

é=2 = relative velocity of bubble with respect to fluid 
. = circular frequency of applied acceleration ¢ = 


Nq wt 
= circular frequency of bubble of radius a at depth 


q 


F A transparent vessel partially filled with water is vibrated 
in the vertical direction, complicated phenomena can be 
observed. If the vibration is sufficiently strong, small indi- 
vidual gas bubbles created by surface disturbances appear 
in the lower part of the vessel. These bubbles do not rise 
to the surface but move along the bottom or side, or perform 
vibratory motions in the middle of the vessel. It is the pur- 
pose of this paper to contribute to the understanding of the 
complex phenomena observed by presenting an analysis for 
the motion of a gas bubble in a vibrated vessel. 

To demonstrate the fact that gas bubbles in a vibrated tank 
may not rise to the surface as one would expect from con- 
siderations of buoyancy, the following simple experiment 
was made. A rubber-skinned test bubble of about 1/,-in. 
diam was attached to a short piece of string at the end of a 
wire; this balloon was inserted in a cylindrical transparent 
plastic test tank, Fig. 1, placing it on the centerline of the 
tank about 2 in. above the bottom. Without vibration 
the bubble rises stretching the string vertically. Vibrating the 
tank vertically with gradually increasing acceleration, the posi- 
tion of the bubble on the centerline became unstable and 
snapped into a deflected position I, see Fig. 2. A slight 
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Fig. 2. Positions of test bubble 


further increase of the acceleration made this position also 
unstable, and the bubble went into position II at the bottom 
of the tank. If the acceleration was decreased by about 
\g, the bubble returned to its original position. The acceler- 
ation required to make the bubble sink was somewhat fre- 
quency dependent, as may be seen from Table 1 giving the 
acceleration required to hold the bubble in position II, Fig. 2. 


Table 1 Critical accelerations 


60 90 120 150 175 200 
l6g 14.59 14g 18g 12g 11.59 


Cycles/sec 
Acceleration 


The unexpected sinking of bubbles—contrary to buoy- 
ancy—has its counterpart in the field of underwater explo- 
sions. It is known from extensive work on this subject that 
pulsating explosion bubbles do not simply rise but move in a 
modified manner known as “bubble migration.” Due to 
migration, an explosion bubble may in certain cases sink, 
instead of rise. It can therefore be expected that an analysis 
using methods similar to those employed in the explosion 
field will give an understanding of the phenomena observed. 

In the case under consideration the vibration will excite 
pulsations (meaning changes in diameter) of the bubble and 
it will be shown that migration effects do occur which modify 
the path of the bubble and may even cause it to sink. Spe- 
cific attention will be given to the case of a bubble moving 
vertically in an oscillatory manner, a situation which separates 
the cases of rising and sinking bubbles. 

The migration phenomena of explosion bubbles can be ex- 
plained by an analysis using an incompressible, inviscid fluid 
(Herring (1), Taylor (2), and Bryant (3)), except that such 
an analysis does not explain the decay of the bubble pulsa- 
tions due to radiation. As this decay affects the migration 
of the explosion bubble only in a secondary manner, it is 
usually considered as a correction. In the present problem it 
is intended to obtain the response of the bubble for cases 
where the amplitude of the pulsation is much smaller than 
in the explosion case, and radiation effects need therefore 
not be included at all. It is also assumed that the frequency 
of the forced oscillations of the vessel is small versus the nat- 
ural frequency of the bubble; this excludes the possibility 
of resonance of the bubble pulsations, which would have re- 
quired compressibility as a damping mechanism. The pres- 
ent analysis, similar to the references quoted, does not con- 
sider changes in the spherical shape of the bubble. The as- 
sumption of spherical bubbles is confirmed by observation 
of explosion bubbles, except in their most contracted stage. 
As only relatively small pulsations will occur in the present 
case any deviations from spherical shape can be expected to 
be minor and unimportant. This reasoning is supported by 
the fact that no visibly nonspherical bubbles were observed 
in the tests. 

The migration of bubbles is a second-order effect which can- 
not be explained by a linear theory of small vibrations. It is 
therefore necessary to obtain equations of motion for large 
displacements which, even for an approximate analysis, can 
not be completely linearized. 

To reduce the problem to its simplest form the behavior of 


‘Numbers in parentheses indicate References at end of paper. 
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a bubble in a large rigid vessel is considered first, Section 2. 


It is assumed that the bubble is sufficiently far away from any 
surface—at least several bubble diameters—such that inter- 
actions with the surface may be neglected. The results ob- 
tained are generalized in Section 3 to allow for the quite 
important effect of the elasticity of the vessel, and—quali- 
tatively—for the effect of proximity of surfaces and of vis- 


2 Behavior of a Gas Bubble in a Large Rigid 
Vessel 


It is intended to study the motion of a small spherical gas 
bubble in an incompressible, inviscid fluid if the vessel con- 
taining the fluid is vibrated in the vertical direction. It is 
assumed in this section that the vessel is rigid and that a 
constant ullage pressure po will be maintained above the sur- 
face of the fluid; it is further assumed that the bubble is 
sufficiently far away from any surface—at least several diam- 
eters—such that interactions are negligible. 


Equations of Motion 


Excluding rotational motions of the fluid, the state of the 
system shown in Fig. 3 is fully described by three generalized 
coordinates 


z(t) = vertical position of vessel with respect to a reference 
line 
A(t) = increase of bubble radius above a reference radius a 


relative depth of bubble below the moving surface; 
2(t) is therefore the relative velocity of the bubble 
with respect to the fluid 


z(t) 


RIGID WALL—~{ ULLAGE PRESSURE P, 
2 2+0+6 
— BUBBLE 
>). 
REFERENCE VOLUME 8(5) 
L — LLL WA, 
FORCE jt) 
(a) (b) 


Fig. 3 Schematic arrangement of vessel and bubble 


To obtain Lagrange’s equations, expressions for the kinetic 
and potential energies of the system are required. The 
bubble being very small compared to the dimensions of the 
vessel and being far from any surface, the kinetic energy is 
computed by utilizing the known virtual mass expressions 
for a sphere in an infinite fluid in the following manner. The 
total velocity at any point is “v4 oa 

v=ututny 
where v, = < is the vertical velocity of the vessel which is not 
a function of the location, and v4 and »v, are the velocities 
due to the coordinates A and z. Let dV be the element of 
volume, p the density of the fluid; the kinetic energy T is 


fia =f +2f + th 
2 2 2 - 
fv adv + pt (us + u,)dV....[1] 


where ua and wu, are the vertical components of v4 and 0,, re- 
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spectively. There is no coupling term between v, and v, be- 
cause of symmetry. The value of the first term in [1] is 
simply Mx?/2 where M is the total mass of the fluid in the 
vessel; the second and third terms are the familiar expres- 
sions for the kinetic energies of the respective motions of a 
sphere of radius a + A (see (4) pp. 122, 124), while the last 


term, a coupling term, is evaluated in Appendix 1. The total 

kinetic energy is, therefore 
M 

T = + 2rp(a + + 3 p(a + — 

e ® 

4r 

3 
3 [(a + A)8z]... . [2] 


The potential energy consists of three parts: the potential 
of the gravity field, —gMx + gp-(41/3) (a + A)*%z; the po- 
tential of the gas above the surface, (42/3) (a + A)? po; the 
potential of the gas inside the bubble, which can be computed 
from the pressure-volume relation 


where y is the ratio of the specific heats, and p, the pressure 
in the bubble when its size equals the reference radius a. 
The potential becomes 


Collecting all terms 
P= -—gMz (a + A)3(p + ypz) 

[5] 

The general form of Lagrange’s equation is halal 

OL OL 


ot Odin Odn 


where L = T — P; the coordinates q, are in turn A, z and 2, 
while Q, are the respective generalized forces. In the present 
case all forces have been included in the potential P except 
the external driving force producing the oscillation. 
force does no work if A and z change, we have Qa = Q, = 
0, while Q,. does not vanish. If one visualizes a situation 
where the displacement z is prescribed, Equation [6] with 
respect to the coordinate x is not required because it serves 
only to determine the force Q,; this leaves two differential 


equations for the two unknown functions A and z 
OA 
After substitution 
3A? man ty 
2(a+ A) p(a + 
(g — #)z 22 Po 
a+A 4(a+ A) p(a+ 
Discussion of Equation [7] - 


This equation represents the principle of conservation of 
momentum and it is useful to consider it for the simple case 
when the vessel is at rest, # = 0. Using the bubble volume 

= (42/3) (a + A)* as variable, [7] may be written 


As this 


where the term (p/2)v is the virtual mass of the bubble (for the 


z motion) while —pgv is the buoyancy. If v changes with 
time, the velocity z is 


Due to the fact that the bubble volume » is necessarily posi- 
tive, the integral will always increase with ¢; the term 1/p 
will increase the velocity 2 if v is smaller or decrease it if v is 
larger than average, but 2 will always remain negative and the 
bubble will rise continuously. 

Now consider the situation if a time dependent acceleration 
¥() = Ng cos wt is imposed where NV isa number. Equation 
[7] becomes 


l t 
z= -2y f [v — vN cos ot]dt....... [9] 
vd bo 


It is immediately apparent that the integral will not con- 
tinuously increase if N > 1. To show that the integral can 
even become negative, i.e., that the bubble can sink, let the 
brbble execute an imposed periodic pulsation v = u (1 + 
a cos wt) where a is number defining the mz jenitante of the 
pulsations. By substitution 


t 
f (v — vN cos wt)dt = 
lo 


to 2 


The terms cos wt and cos 2wt under the integral give oscillatory 
contributions, while the first two terms give a monotone con- 
tribution which describes the direction of the over-all motion. 
If aN > 2 the integral will ultimately be negative and the 
bubble will sink; if Na = 2 the bubble will execute an oscilla- 
tion about a mean position. 

The above consideration shows the possibility of bubbles 
sinking, provided the bubble volume changes in the pre- 
scribed manner. It remains to be shown that the imposed 
vibration will produce the assumed or an equivalent pulsation. 
This requires simultaneous consideration of the two Lagran- 
gian equations, [7] and [8]. 


aN 
+ (a — N) cos at — 3 cos 


Oscillation of a Bubble Around a Mean Position 


estricting the general problem of the motion of the bubble, 
it is asked whether there are combinations of imposed ac- 
celeration « = Ng cos wt and bubble size and location for 
which a bubble will undergo a periodic vertical motion and 
pulsation. The previous discussion showed that for large V 
(say V ~ 10) only small volume changes a = 2/N are re- 
quired; the equations can therefore be linearized with respect 
to the change of radius A. 
It is convenient to replace the coordinate z by z = h + & 
where h/ is the depth at which a bubble of the reference radius 


5 The above derivation being based on energy concepts, an addi- 
tional physical understanding of the,phenomena can be gained by a 
consideration in terms of forces acting on the bubble. Using the 
concept of the “virtual mass” of the fluid moving with the bubble, its 
motion can be found from the condition that the change of momen- 
tum (0/0f)-(pvz/2) must equal the applied force (where pv/2 is the 
virtual mass; compare the third term of [2]). In case the vessel 
is not vibrated the only force is the buoyancy of the bubble, 
—pgv, resulting in [7a]. In the more general case when the vessel 
is accelerated upward or downward, the force can be obtained by 
increasing or decreasing, respectively, the value of g in the buoy- 
ancy term; this is, however, not the only effect on this term. 
During the upward acceleration the pressure in the location of 
the bubble will be larger, and the average value of the volume v 
will therefore be smaller than during the downward acceleration. 
If the vessel is accelerated alternatively up and down in a sym- 
metric pattern (gravity being absent), the volume change will 
result in an excess of downward momentum during each period. 
If gravity is also present, the downward momentum gained from 
the vibration will combine and may exceed the upward one due 
to static buoyancy, leading to the sinking of bubbles. 
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awould be in equilibrium if prevented from rising; this gives 
the relation p1 = po + Agp. Equations [7, 8] can then be 


arranged 
[(a + A)? é] = + —Q)......... [11] 
3 A? pi ( a \*7 
ta) 
1 & h 
ea” DE 4(a + A) a+A° [12] 


If Ais small, the second term of [12] can be dropped and the 
third term becomes by expansion in powers of A 


where {2 is the frequency of small oscillation of a bubble of 
radius « at the pressure p; (1, p. 79). If the terms containing 
fand <° in [12] could also be neglected, which will be seen 
to be permissible later, Equations [11, 12] become 


a) 
[(a + 3A)E] = 2(a + 3A) — Q).. .. [14] 


.{15] 


If¥ = Vg cos wt, the second equation has a solution of the 
form 


a 
A = s 
where 
3h 
in 
a’ Q2?-—w yp 1 — w?/Q? 


Substitution of [16] into [14] gives 


) [((1 + @ cos wt) —] = 2(1 + @ cos wt) (Ny cos wl — g) = 
aN — 2)g9 + 2Ng cos wt + aNg cos 2 wt — 2a qg cos wt. [18] 


which leads to an oscillatory solution only if aV = 2. In 


this case 
2 Ng 3a 
é=- g (2 sin wl — — sin 2wt.. ) 
2 


where terms containing higher powers of @ were omitted. 
Further 


[19] 


N 3a 
é=- (2 cos wt — cos 2at.. ... [20] 
w? 4 
The oscillatory solution visualized can only have physical 
meaning if the amplitude & of the vertical motion remains 
smaller than the depth h, as the bubble would otherwise vent; 
this requires 
[21] 
To justify the dropping of the terms containing £ when 
obtaining [15], the neglected terms can be estimated for 
V>1>a 
N%G? 
A —#)& - (1 + 3 cos 2 wt) = 
This can be compared with the right-hand side of [12] which 
is of the order 


Be & h hNg 


NoveMBER 1956 


It is easily seen that the necessary condition [21] automati- 
cally ensures that the expression [22] is small versus [23]. 
The neglected terms can therefore never be of consequence 

for the oscillatory solutions contemplated. 
Equations [17, 18] can be solved for the value h, noting 
Pi = po + pgh 


the solution being meaningful only if [21] is satisfied. The size 
of the bubble appears only in the value of the frequency Q; 
and, because for small bubbles usually Q? >> w?, Equation 


[24] simplifies to 


Equation [25] furnishes positive values h for any value V > 
V/2y, but because a = 2/N was assumed to be small, h may 
be inaccurate unless V is much larger than /2y. Equation 
[21] then defines frequencies w? above which the depth found 
will apply. If w is comparable to 2, Equation [24] must be 
used; however, the form of this equation is such that h be- 
comes negative if w > Q, and no oscillatory solution exists 
if w > Q; as a rule w must even be noticeably smaller than 
Q, otherwise [21] will not be satisfied. 


Stability of the Oscillatory Solution 


It is important to realize that the oscillatory solution just 
obtained is unstable; i.e., one cannot expect to observe bubbles 
executing oscillations on the level h given by [24, 25]. To 
prove the instability, consider [17]. If h is slightly smaller 
than the required critical value, a will also be smaller than 
required to satisfy the condition a.V = 2; the first term of 
[18] will then be negative such that the bubble will have an 
average upward velocity; i.e., it will move away from the level 
h of steady oscillations. If h is slightly larger, the bubble will 
similarly have an average downward velocity, again away 
from the level h. In case of any disturbance, regardless in 
which direction, the bubble will not return to its original mo- 
tion; i.e., the motion is unstable. 

In spite of the fact that the motion described by the solu- 
tion found has therefore no physical reality, the critical level 
h for the unstable solution has an important meaning: bubbles 
above the critical level h will rise to the surface, while those below 
will sink. This conclusion is in qualitative agreement with 
observations. 

It will be seen in Section 3 that the assumption of a rigid 
vessel on which the above discussion is based is an over- 
simplification, and a more refined analysis may furnish more 
than one level of oscillatory solutions, some of which are 
stable. 


Comparison with the Pilot Tests 7 


The result obtained, Equations [24, 25], can be compared 
with the result of the simple test reported in Table 1. To 
obtain a fair comparison the effect of the weight of the rubber 
skin should be allowed for, and it can be seen easily that the 
added weight will reduce the critical depth 4.6 One should 
expect therefore that the values h computed from [24] for 
the appropriate values N of the acceleration should be larger 
than the test depth of the bubble h ~ 7 in. The natural 
frequency Q of the '/,-in. bubble tested is so much higher 
(Q > 1000 eps) than the test frequencies w that [25] may be 
used; the computed values of h are shown in Table 2, using. 
po/ py = 33 ftand y = 1.4. 


6 The depth h will be reduced to h(1 — 8) where @ is the ratio 
of the weight of the skin to the buoyancy of the bubble. The 
ratio 8 for the test case is not known but was about 0.1-0.2, 
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Table 2 Computed values of h 
(h, in.; &, ips) 


Cycles per sec 60 90 120 150 175 200 
From Table 1 
N= 16 «©14.5 14 13 12 11.5 


From Eq. [24] 
2 2Ng/o = 32 14 ll 8. 


While the computed values h/ are of the expected order of 
magnitude, not all are larger than h = 7 in. as predicted by 
the theory. It appears that the lack of agreement can be 
ascribed to the unrealistic assumption of an inviscid fluid, 
which is not justified for the entire range of the test. To 
show this, the last line of Table 2 contains the maximum 
velocities — of the bubble, computed from the first term of 
[19],  ~ 2Ng/w. The problem of viscosity effects is dis- 
cussed in Appendix 2, where it is concluded that such effects 
are small provided the velocity of the bubble remains small 
compared to its terminal velocity when rising in a gravity 
field; for the present case this velocity is of the order of 10 
ips, and the inviscid analysis cannot be expected to give a 
good value for the depth h, except for high frequencies w > 
150 eps. It is also concluded in the Appendix that vis- 
cosity will increase the value of the critical depth h; in the 
limiting case the actual depth would be three times the value 
according to [24, 25]. The actual depth h = 7 in. being 
larger than the computed ones shown in Table 2, the direc- 

+ tion of the differences is in accordance with this prediction.’ 


3 Motion of a Gas Bubble in an Elastic Vessel 


Equations of Motion 


Maintaining all other assumptions made in the previous 
section, the effect of the elasticity of the vessel on a small 
bubble can only originate from the modified pressure field in 
the elastic vessel. In the rigid vessel the pressure at any in- 
stant is only a linear function of the depth below the surface, 
while in an elastic vessel the pressure is a nonlinear function 
of all three coordinates. 

It is not necessary to treat the problem of the vessel and 
bubble asa unit. Let the pressure field in the vibrated elastic 
vessel without the bubble be known; due to the fact that the 
motion of a small bubble can essentially only depend on the 
pressure field in its immediate vicinity, one can use the equa- 
tions of motion derived for the case of a rigid vessel for any 
case, provided one identifies the significant factors, i.e., the 
pressure p due to the vibration and its gradient. For the 
present purpose it is sufficient to use the simplified Equa- 
tions [14, 15]; p due to the vibration for the case of a rigid | 
vessel is 


p = —phé grad p = Op/Oh = —pi#..... [26] 


7In a private communication, 8. A. Zwick, Aerojet- General 
Corp., has pointed out that the assumption of the isentropic law 
for the bubble behavior, Equation [3], is not strictly correct. 
According to the communication it can be shown that in the 
ease of harmonious oscillations the exponent y in [3] should be 
replaced by a number 7, which depends on an gpg non- 
dimensional parameter and is limited, 1 < 7 < y, the lower 
limit describing isothermal behavior. Accepting this comment, 
the analysis presented here remains valid if y in the results is re- 
placed by 7. It is pertinent to check if the matter might ex- 
plain the difference between the observed and computed values 
h shown in Table 2. It is easily seen, however, that this is not 
the case; values 7 < y lead to a re duction of the values h in Table 
2 which is a correction in the wrong direction. While this cor- 
rection is bound to exist, the conclusion that viscosity effects are 
the major cause for the difference eS 
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] 
Oh g [28 
where é is the vertical component of the bubble velocity, 
Similar equations for the horizontal velocities can be written 


and the equations of motion can be aioe 
A+ 2A = 


[(a + 3A)E] = —2(a + sa)( 


but do not contain the term g. nie 3 = 


‘a é Consider the case where the imposed pressure is of th« form 


where f(A) is positive, has the dimension of a length, aid is a 
function of the depth h and also of horizontal coord nates, 
Searching for oscillatory solutions, [27, 29] give 


~@ 3 

where 

h 
1 — w?/Q? 


Substitution in [5] gives 


[(a + 3A)é] = — ag[2 + af’(h) + oscillatory terms]... [32 


where f’(h) = Of/0h. The right-hand side is purely oscilla- 
tory only if 2+ af’ = 0, or 


fF _ 
Pr pg 


which can be solved for the depths h of oscillatory solutions. 


Stability of Oscillatory Solutions 


To decide on the stability of such solutions, consider the 
situation at a depth h + dh which differs slightly from a root 
of [33]. In sucha case 


ra) 
[(a + 3A)é] = | (2 + af’) dh + oscillatory terms 
[34] 


If the coefficient of dh in this expression is positive the 
bubble will migrate away from the oscillation level h and the 
solution is unstable; but if the coefficient is negative the dis- 
turbed bubble will return to the original state and the solution 
is stable. The condition for stability after substitution is 


Noting ~ = pot goh, the condition may be written 


Pi 
In the case ofa rigid vessel, f(h) = Nh, and stability would 
require 
= h 
Pi 


which can never be satisfied because p; > pgh. oo 
Similarly, one can investigate stability against disturbance 
in the horizontal plane, say in a direction r. The equation 
for the migration follows from [28] by setting g = 0 and re- 
placing h by r. Oscillatory solution can only occur if 


Of/or = 0.. 
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The condition for their stability becomes 


..138 
(38) 


With f positive, these two equations will be satisfied at points 
on any level h where f isa maximum. As the imposed vibra- 
tion pressure is proportional to f it follows that the bubble will 
gscillate in a stable motion if Equation [36] is satisfied and if 
the pressure amplitude is a maximum compared to other points 
on the same level h. 

It must also be stressed that in locations where the oscilla- 
tions are stable, bubbles above the level A will sink and those 
low will rise. This is the exact opposite of what was found 
ease of a rigid vessel, where the only possible oscillatory 
in the ca a rigid \ th ly 1 ator’ 


motion was unstable. : 
he 


Application to a Cylindrical Tank © 

The pressure field p for the case of an elastic cylindrical 
tank, Fig. 4, has been studied in (5). In the range of fre- 
quencies of present interest, the pressure distribution is very 

well approximated by an expression® 
= C— sin (uw [89] 

where Cand u are constants, r is the radial coordinate, R the 
tank radius, and J) denotes the modified Bessel function. 


| 


Fig. 4 Dimensions of elastic cylindrical tank 


The constant C defines the magnitude of the pressure, while 
u is defined in (5); it depends on the properties of the tank® 
ind on the forcing frequency w. 

The depth h of oscillatory solutions can now be determined 
from [33] which becomes 


(26 2Y 2/02) 


(1 — w?, 


9 


(2upc/Reg) + 2uh/R 
where 
C = Cih(ur/R)... [41] 


Equation [40] is graphically represented in Fig. 5 in a typi- 
cal manner. If the constant C, representing the applied 
acceleration, is large enough there will be two roots 2u- (h/R) 
< m (or one double one), and possibly further ones above 27. 
To determine the stability, [36] could be used. However, 
Equation [35] from which [36] was derived is identical with 
the statement that the derivative of the left side of [40] be 
negative; as the slope of this curve in Fig. 5 for the first root 


* According to (5) this expression is a good approximation ex- 
cept in a region near the bottom of the tank where h > L — R/2. 

® For the special case of a rigid tank one finds u = 0, and [39] 
becomes in the limit f(h) = Ch. Substitution in [29] shows that 
in this case C = N, where Ng is the peak acceleration applied to 
the rigid tank. 

" The order of magnitude of this area is H®. 
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‘mation the bubble obtains an additional velocity £,, directed 


where H is the distance of the center of the bubble from the 


LEFT SIDE OF EQ(40) 


Fig. 5 Graphic representation of Eq. [40] 


is necessarily positive, it will be unstable, while the next 
larger root where the slope is negative is stable. The third 
root, if any, will again be unstable, ete. The roots occur in 
pairs of one unstable and one stable one; if a double root 
occurs it is easily seen that it is unstable. 

The question of the location of a point of stable oscillation 
in the horizontal plane remains to be considered. According 
to [38] it is necessary that the pressure function f be a maxi- 
mum considered as function of r; the modified Bessel function 
I)(u r/R) in [39] has a minimum for r = 0, but no maximum 
at all, indicating that there are no locations of stable oscilla- 
tions in the interior of the tank. The reasoning leading to the 
stability criterion [35] indicates that bubbles will move away 
from points of unstable oscillations; applied to the present 
case, they will therefore move away from the axis of the 
tank toward the walls. In the vicinity of the walls the 
present theory ceases to be valid, and to obtain a complete 
picture the effect of surfaces must be included, at least in a 
qualitative manner. : 
jualitative manne! 


Effect of Surfaces on the Motion of Bubbles 


The effect of a neighboring rigid surface on the motion of an 
oscillating bubble has been determined by the use of the 
image principle in (1). The major effect found is an attrac- 
tion of the bubble by the field of the image. In first approxi- 


toward the rigid surface 


surface, and @ = a + A the instantaneous radius of the 
bubble. If the radius @ varies harmonically the first term is 
just oscillatory and therefore not important, while the second 
one is the continuing migration toward the surface. 

While [42] was derived for a rigid surface, it should apply 
approximately also to the case of the walls of an elastic vessel 
provided the bubble is sufficiently small. This conclusion 
will hold provided that the mass of the wall area affected by 
the pressure field!® of the bubble is appreciably larger than 
the virtual mass of the bubble. 

It is therefore concluded that small bubbles will be subject 
to an additional motion toward the walls of the vessel which is 
superimposed on the motion previously determined. This 
additional motion is proportional to 1/H? and is therefore 
appreciable only if the distance H is of the order of the radius 
a. 


Discussion of the Result for an Elastic Cylindrical Tank 


Equation [40] can be used to determine the regions of dif- 
ferent bubble behavior in an elastic cylindrical tank. For a 
given frequency and externally imposed acceleration of the 
tank, the constants C and wu in [39] are computed according 
to (5). Solutions h of [40], if any, will also be functions of 
the location 7; these solutions will define surfaces separating 
regions of different bubble behavior. 

Fig. 5, representing [40] in a typical manner, indicates 
that for small values of C, i.e., for small accelerations, no 
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solution h exists. Noting that C = C Ip(u r/R) is also a 
function of the radius, it is seen that the value C is a mini- 
mum for r = 0 and increases toward the walls, r—~> R. There- 
fore, if the acceleration is gradually increased a range will be 
reached where [40], while having no root for r = 0, does have 
solutions for larger values of r. The resulting situation is 
shown in Fig. 6(a). For a somewhat larger acceleration, 
[40] will have roots for any value of r, and two separate sur- 
faces as shown in Fig. 6(b) are obtained. 


d 
Fig. 6(a) Fig. 6(b) Fig. 6(c) 


The behavior in the regions separated by these surfaces 
can be best described by an indication of the direction of the 
vertical component of the motion in the various regions. 
As previously indicated there will also be horizontal motions— 
from the centerline toward the walls—in all regions. As 
the upper surface A, Fig. 6(b), represents locations of “un- 
stable” oscillations, bubbles will move away from it; the 
reverse applies to the lower surface B. It follows that 
bubbles in the shaded volume between the two surfaces 
will move downward and outward, while the motion else- 
where will be upward and outward. In the vicinity of the 
walls of the vessel the outward velocity will be increased by 
the additional local motion toward the wall. Bubbles below 
the upper surface A can be expected to find their way toward 
C, where the lower surface B meets the wall of the tank. 

In the transition case shown in Fig. 6(a) bubbles in the 
shaded region will again move downward toward C, while 
those in the lower part of the tank may go toward C or vent, 
depending on their radial location. 

One further case which should be mentioned is shown in 
Fig. 6(c). It is possible that the lower surface B defined by 
the second root of [40] lies outside the tank. In this case 
bubbles will simply move down toward the bottom and re- 
main there. They will not move toward the wall because the 
pressure distribution [39], from which the outward motion 
elsewhere is derived, does not apply close to the bottom. 
The situation shown in Fig. 6(c) is typical for a rather rigid 
tank where the parameter yu is quite small; it applies for the 
pilot tests described in the Introduction. 

In very flexible tanks more than two separating surfaces 
may occur as shown in Fig. 7. In such cases two or more 
circles C, C, are potential locations for the collection of 
bubbles. 

As the analysis presented considers only the motion of iso- 
lated bubbles, it is proper to ask if the conclusion that bubbles 


we 
b 
c+ 


will remain near certain points C is valid if many bubbles are 
close to each other, such that interactions must be expected, 
This point has been studied in (7); it was found that with 
certain limitations clusters of closely spaced bubbles have 
stable positions from which they will not rise in close proy- 
imity to the points C to which bubbles migrate. It hag 
further been observed in the tests, and can be shown ana- 
lytically, that clusters strongly attract isolated bubbles. While 
the analysis only applies to the initial stage, it appears from 
the additional study (7) that the interaction of bubbles does 
not counteract the formation of clusters. 


4 Summary 


An understanding has been obtained of the mechanism 


governing the motion (migration) of small gas bubbles in 
vibrated vessels described in the introduction. Differential 
equations describing the behavior were derived, [27, 28], 
under the restrictive assumption of an inviscid fluid; from 
qualitative considerations it was concluded that viscosity does 
not affect the mechanism of migration, but may have quan- 
titative effects. A criterion when the influence of viscosity 
will be appreciable is given. The situation is discussed at 
the end of Section 2 when the results of the analysis are com- 
pared with the pilot tests. 

No attempt has been made to solve the nonlinear differen- 
tial equations in general. Instead, locations in space were 
determined in which the differential equations have time 
periodic solutions, representing small oscillations of the 
bubbles. The loci of these solutions form surfaces which 
separate the tank into regions of different bubble behavior. 
In the case of a rigid tank it was found that the bubbles above 
a certain level h will rise toward the surface, while those be- 
low will sink to the bottom. In the case of elastic vessels 
the regions have complicated shapes, discussed for cylindrical 
tanks in Section 3 and shown in Figs. 6 and 7. From the 
character of the regions it is concluded that, if many bubbles 
are present, clusters of bubbles will collect in certain locations 
near the wall or bottom. 

The results obtained do not yet give a complete explanation 
of the observations of the test tank. In the tests at certain 
accelerations large numbers of bubbles streamed from the 
surface to lower regions of the tank; it appeared to the eye 
that the bubbles forming at the surface started with an 
initial velocity downward which enabled them to travel 
down and reach the region (say below surface A, Figs. 6(b), 
6(c)) of sinking bubbles. These large initial downward 
velocities of bubbles were observed only at a time when the 
surface of the fluid executed very pronounced sloshing mo- 
tions, which occurred regularly at large accelerations and 
seemed also to be caused by the longitudinal vibrations. 
Further work on the origin of the sloshing motion and its 
effect on bubbles near the surface is therefore required for a 
complete understanding of the observations. !! 


APPENDIX 1 


Evaluation of the Last Integral in Equation [1] 


Let dV = dé dA where £ is a vertical coordinate, Fig. 3(b), 
and dA is an element of area in the horizontal plane 


+ uddv =S (SS (wa + uddAldé...... [a] 
(Continued on page 978) 


1! AutHoR’s Note: After submission of this paper the 
author’s attention has been drawn to the fact that migration of 
small bubbles has been discussed in ONR Report (Project NR- 
384-903): “Gaseous-Type Cavitation in Liquids,” by M. D. 
Rosenberg, Acoustics Research Lab., Harvard University. 
Migration of very small bubbles in an ultrasonic field is described 
(pp. 40-44) and qualitatively explained in a manner similar to 
the physical consideration in Footnote 5 of this paper. The 
report also mentions observation of stable and unstable locations 
for bubbles which are the equivalent of those discussed in 
Section 3 for elastic vessels. 
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A self-igniting hybrid rocket propellant system employ- 
ing 90 per cent hydrogen peroxide as the oxidizer and poly- 
ethylene as the fuel is described. The reasoning which 
led to this choice and the advantages achieved are out- 
lined. Some results obtained in tests with one type of 
fuel charge are given with some qualitative discussion on 
the operation. 

Nomenclature 
dy = cross-sectional area for gas passage along the fuel charge 
4, = nozzle throat cross-sectional area 
) = linear burning rate 
(* = characteristic velocity gP-A1/w 
G = mass flow per unit cross-sectional area 
Isp = specifie impulse lb-sec /Ib 
pe = chamber pressure 
Ry = reactant ratio = 
fuel flow rate 
w = propellant flow rate - 
Introduction 

EVERAL years ago, an investigation of a hybrid (solid- 

liquid propellant) rocket propellant system was con- 


dueted by the General Electric Company as part of an Army 
Ordnance Contract. The system studied involves the use 
of 90 per cent hydrogen peroxide, the oxidizer, in combination 
with a solid fuel, generally polyethylene. The purpose of this 
report is to review the reasoning which led initially to the in- 
terest in such a system and to the choice of the particular ma- 
terials used; in addition, some of the results will be briefly 
discussed. 

The advantages to be gained from systems of this kind are 
not immediately obvious; in fact, there are probably not 
many solid-liquid propellant combinations which do offer any 
advantages without introducing other difficult problems. 
The following summary of the desirable characteristics of the 
system described here will show why it appeared to be in- 
teresting after some rocket engine tests: 

1 The theoretical specific impulse is good, with a maxi- 
mum value of 228 lb-see/Ib at 300 psi and oxidizer/fuel weight 
ratio of about 6. 

2 The average density is high; at the ratio corresponding 
to the maximum specific impulse, the average density is 1.34 
g/cc. 

3 By decomposing all of the 90 per cent H.O, catalytically, 
spontaneous ignition of the fuel is obtained with a delay of 
usually less than 0.5 sec. In this way, the combustion of the 
fuel may be considered as augmenting the performance of hy- 
drogen peroxide as a monopropellant. Ignition is generally 
reliable and combustion is smooth over a wide range of 
oxidizer/fuel ratios. 

4 With proper design of the engine and fuel charge, “‘hard”’ 
or explosive starts should never occur; the peroxide decom- 
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position product is a gaseous oxidizer and therefore cannot 
accumulate in the chamber prior to ignition. 

5 Intermittent operation and throttling can be accom- 
plished by means of a single valve in the peroxide line. 

6 The system has the simplicity of a monopropellant, but 
with safety at a given performance probably unattainable 
with most liquid monopropellants. 

7 The design and construction of the fuel charge is not 
very critical in regard to the presence of cracks or voids; there 
is very little possibility of an explosion of the entire propel- 
lant, and in these respects the system is more desirable than 
most solid propellants. 

There are obviously some disadvantages, such as the high 
freezing point and inherent instability of the hydrogen per- 

oxide. It is difficult to vary the burning rate by more than a 
factor of two, which will complicate the fuel charge design in 
‘many cases. Where such limitations can be tolerated or 
circumvented, the many obvious advantages of the system 
will certainly make it very useful for some purposes. 


Reactant Ratio 


As applied to a solid-liquid combination, the term “reactant 
ratio” obviously has a somewhat different meaning from what 
is usually understood as the reactant ratio in other bipropel- 
lant systems. In a biliquid system, the flow of each of the 
two liquids is subject to essentially independent variation so 
that direct control of the reactant ratio is possible and is 
usually required. However, in the operation of a hybrid sys- 
tem the only variable over which any control is required, or 
indeed possible, is the oxidizer flow rate; the total fuel flow 
rate, and therefore the ratio, is determined by nature, once 
ignition under a given set of conditions has occurred. More- 
over, one can measure only an apparent or over-all ratio, and 
neither the spatial nor time distribution can be determined by 
ordinary methods. Obviously, the fuel flow rate must be es- 
tablished empirically for various burning conditions, and 
much of the experimental work carried out was done for this 
purpose. 

It is clear that the ratio of liquid to solid should be as high 
as practical, since this will allow the smallest fuel and com- 
bustion chamber, thereby minimizing the possible difficulties in 
obtaining complete combustion toward the end of burning. 
The larger the combustion chamber, the more difficult it 
should be to distribute the oxidizer over the fuel surface when 
most of the fuel has been burned. 

The problem of bringing the oxidizer into contact with the 
fuel surface may be a serious obstacle to obtaining complete 
combustion with some arrangements of the solid fuel charge, 
but it is not insurmountable. Consideration of this point 
must, however, influence the ratio to be sought and therefore 
the choice of the oxidizer to be used. The ratio should be 
large, as is the case with oxidizers such as nitric acid and hy- 
drogen peroxide which have relatively low effective oxygen 
content but which nevertheless give fairly good performance 
with many fuels. Liquid oxygen, for example, would be a poor 
choice in this respect, although the specific impulse to be ex- 
pected is higher by 7 to 10 per cent (depending on the fuel). 

The choice of the fuel should also be influenced by these 
considerations, though the latitude in choosing the fuel is 
considerably greater than it is for the oxidizer. 
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Ignition 
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It is possible to obtain ignition with a pyrotechnic igniter or 
squib but it is highly desirable to have spontaneous ignition if 
possible. This might be done by appropriate coating of the 


fuel surface with a very reactive liquid or solid; e.g., if hydro- 


gen peroxide were used, by coating the surface with a decom- 
position catalyst so that the first liquid to enter the chamber 
decomposes to hot steam and oxygen which could ignite the 
fuel. If hydrogen peroxide were the oxidizer, there is also the 
possibility of decomposing all of the hydrogen peroxide before 
it enters the combustion chamber so that the oxidizer would 
in effect be the steam-oxygen mixture at 740 C (for 90 per cent 


H.0:) which should ignite most combustible solids. This 
arrangement would possess the further advantage of prevent- 
ing any possible accumulation of oxidizer in the chamber so 
that “hard” starts or explosions should not occur if the de- 
composer starts properly. 

For these reasons, hydrogen peroxide (90 per cent) was 
chosen as the oxidizer at the outset; subsequent work has 
confirmed the choice as a good one. From the viewpoint of 
the combustion, if all the hydrogen peroxide were first de- 
composed, the process would involve a solid-gas reaction. 

Because a hybrid system possesses the simplicity character- 
istic of a monopropellant, a modest specific impulse would be 
acceptable, especially if the system also had a high average 
density. Thus, a realizable specific impulse of 210 lb-sec/Ib at 
300 psia would make it useful for many purposes. With liquid 
oxygen, this could theoretically be achieved with a large 
number of solids, but for the reasons indicated above it would 
be more desirable to consider nitric acid or hydrogen peroxide, 
with either of which a specific impulse of 210 lb-sec/lb may be 
attainable with a limited number of fuels. Since (for reasons 
given previously) hydrogen peroxide was chosen as the oxi- 
dizer, this performance could probably be obtained with a 
solid such as paraffin wax which should give about the same 
performance as would be obtained from 90 per cent H.O,- 
octane. 

A number of solid hydrocarbon fuels suitable for this appli- 
cation which would give acceptable performance with 90 per 
cent H,O: are available. Polyethylene, polystyrene, and rub- 
bers of various types, such as butyl rubber and GRS (buta- 
diene-styrene co-polymer), are examples of materials to be con- 
sidered. Theoretical (frozen composition) performance 
curves for a number of solid fuels are shown in Fig. 1; the 
curve for polyethylene has been calculated over a wide range 
of ratios since this material was selected for extensive study 
in the work reported here. Its composition and theoretical 
performance with any oxidizer are virtually identical to 
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Fig. 1 Theoretical curves of specific impulse vs. reactant ratio 


for carbon, polystyrene, and polyethylene 
3 Some of the calculations from Ry = 7.5 to 16 were made by 


the Bureau of Mines, Explosive and Physical Sciences Division, 
Report 3182 (unclassified ). 
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Fig. 2. Calculated curves of specific impulse and chamber tem- 
perature for the system (C2H,):—90 per cent 


those for gasoline. Fig. 2 shows complete calculated curves 
of specific impulse and chamber temperature for the system 
(C.H,),—90 per cent H,O.. Average density is also given at 
various ratios. The curves were extended far on the side of 
oxidizer excess because such ratios may be of interest for gas 
generator application and because in this way an important 
feature of the system becomes evident. At Ry = © (90 per 
cent H.O: alone) a specific impulse of 136 lb-sec/Ib is obtained; 
for finite R,, the combustion of the solid fuel may be con- 
sidered as simply augmenting the performance of hydrogen 
peroxide as a monopropellant. Moreover, if the peroxide is 
first decomposed, a substantial part of the over-all chemical 
reaction will be completed before any combustion takes place. 
In additition, the attainment of nearly complete combustion 
should also be easier under these conditions than it would be 
starting from a cold liquid, such as nitric acid, liquid oxygen, 
or undecomposed hydrogen peroxide. 

The maximum specific impulse in the polyethylene 90 per 
cent hydrogen peroxide system should be obtained (Fig. 1) at 
Ry» = 7 (stoichiometric ratio, 8.1). For polystyrene the 
stoichiometric ratio is 7.25 and for carbon it is 6.3. Although 
insufficient calculations were made on polystyrene and carbon 
to fix their maxima in Fig. 1, they were presumed to lie in each 
case at about the same equivalence ratio as the maximum for 
polyethylene. 

The ratios show that the ratio requirement indicated pre- 
viously can be quite well satisfied. At the maximum specific 
impulse, polyethylene as the fuel would constitute only 12 wt 
per cent of the total propellant (18 vol per cent), so that at this 
or higher ratios the system would resemble a monopropellant. 
It seems unlikely that a more favorable ratio can be obtained 
with any readily available solid. + 

In general, fuels containing oxygen or nitrogen and having 
low hydrogen-carbon ratio will give low oxidizer-fuel ratio. 
From this viewpoint, paraffin hydrocarbons (roughly CH:) 
are the most desirable common solids. 

The characteristics (Fig. 2) of the system are such that it 
may be profitable in many applications to operate at ratios 
substantially higher than 7 and to accept a lower specific im- 
pulse. For example, the theoretical specific impulse at Ry. = 
14 is about 7 per cent lower than the maximum at R,, = 7, but 
the fuel and combustion chamber will be considerably smaller, 
since the fuel required will be reduced by a factor of: nearly 2. 
The average density would also be increased from 1.34 to 1.36 
g/cc, but this is of minor significance relative to the decrease 
in chamber size. 

This point has influenced the work throughout, and the 
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emphasis has therefore been on testing at over-all ratios from 
the maximum toward peroxide excess (6 and higher), since 
there seem to be only disadvantages in operation at lower ratios. 


2 Other Factors in the Choice of the Fuel 

Some limitations are placed upon the solid fuels suitable for 
this use by the need for readily fabricated forms with good 
physical properties. Rubbers and plastics which can be ex- 
truded, molded, cast, machined, etc., appear to be promising 
from a practical viewpoint. Commercial rubbers, having a 
typical composition roughly CH,.¢ to CH.» would probably be 
good fuels from the viewpoint of performance and available 
fabricated forms. 

While some of the present work was done with rubbers of 
various kinds, it was decided to work intensively with poly- 
ethylene as the fuel, after the early experiments had shown 
promise for the hybrid system in general. While it is now 
apparent that other solids, e.g., rubber, might be superior in 
sme respects, the choice of polyethylene appears to have 
been a good one. 


3 Physical Characteristics of Polyethylene as a Solid Fuel 

Since polyethylene has essentially the composition of a high 
grade paraffin wax, it has a heat of combustion near that of 
gasoline and should therefore give a theoretical specific im- 
pulse nearly the same as gasoline with any oxidizer. Table 1 
summarizes the pertinent properties of the usual commercial 
polyethylene; this is the material on which most of the 
present work was done. 


Table 1 Properties of commercial polyethylene 


Density at 25 C 0.92 g/ce 

Lower heat of combustion 
at constant pressure 

Enthalpy of formation 
(per unit) 

Coefficient of linear ther- 
mal expansion 

Thermal conductivity 


10,359 eal/g (18,650 Btu/Ib)! 
AH = 13,000 cal/g mol! 


1.6 10-“°C)-! 

0.00074 cal/sec-cm?-( °C /em) 
2.15 Btu/hr-ft?-(°F/in. ) 
Melting point 110 to 120 C 


! Parks and Mosley, J. Chem. Phys., vol. 17, 1949, p. 691. 


Polyethylene is a tough but readily machinable, translucent, 
partially crystalline plastic; the melting point corresponds to 
the melting of the crystalline portion, and above this tempera- 
ture the viscous melt is transparent and colorless. At room 
temperature the material is quite resistant to chemicals such 
as mineral acids: it is compatible with 90 per cent H.O. and 
is one of the recommended materials of construction for 
storage containers for this liquid. 

Polyethylene is also available commercially in various 
molecular weights; these of lower molecular weight can be 
cast at atmospheric pressure since their melts have lower 
viscosities. 

Test Results 

A sketch of a typical test engine employed in this work is 
shown in Fig. 3. It has three basic components: silver screen 
decomposer, fuel and combustion chamber, and nozzle. In 
nearly all of this work, the nozzle was water-cooled. All of 
the fuel charges studied were internal burning, requiring no 
cooling of the chamber or fuel case. With the throat areas 
shown, the thrust in these tests varied from 250 to 1000 Ib. 

Starting the engine involves only the opening of a single 
hydrogen peroxide valve; it was always started on full flow 
of peroxide in these tests. The rod-and-tube type of charge 
(Fig. 3) permits a high loading density. It has been ex- 
tensively tested for the purpose of determining performance, 
ratio, fuel burning rate, etc., with the various charge lengths 
ani throat areas indicated at different chamber pressures. 
More than three hundred tests have been made with essentially 
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Fig. 3. Combustion and fuel chamber. Assembly of typical hy- 
brid engine with rod-and-tube fuel charge 


this engine, of which more than one hundred have been made 
with the rod-and-tube geometry shown. Other types include 
straight tubes (without rods) and tubes with alternating in- 
side diameter to generate eddies for efficient mixing. [x- 
truded tubing and assemblies of wafers, punched from !/:-in. 
sheet, have been used in constructing the charges. 

Fig. 4 is a log-log plot of the average linear burning rate of 
the fuel (normal to the burning surface) correlated. with a 
number which is roughly proportioned to the initial mass 
velocity of the gas in the fuel channel. These data include a 
range in pressure from 350 to 600 psia. The slope of the line 
indicates that b ~ (G@)°* where 6 is the linear burning rate 
and G the mass velocity. In nearly all of the tests, the burn- 
ing was stopped before the charge had burned out to the case, 
in order to obtain definite burning times and more reproduci- 
ble data for experimental purposes. 

A remarkable feature of the burning of the solid fuel is its 
longitudinal uniformity. There appears to be no tendency for 
the fuel to burn faster at one end than the other. This is in- 
deed a fortunate circumstance since premature burnout es- 
pecially at the downstream or nozzle end would probably cause 
burnout of the metal case. 

Since the polyethylene cannot be made to fit the chamber 
snugly at all temperatures, owing to its high coefficient of 
thermal expansion relative to steel, it was felt desirable to 
provide soft, combustible gaskets at either end (Fig. 3). 
These were made of 27 Durometer butyl rubber. They 
served to prevent longitudinal by-passing of the fuel by the 
decomposer gas which might result in overheating of the 
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Fig. 4 Correlation of burning rate data for polythene rod-and- 
tube charges 
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Even when charges were made of wafers, leakage between 

and around the wafers apparently did no harm except for 

occasional collapse of the charge on sudden shut-down (owing 
to the trapping of high pressure gas between the charge and 
the case). As mentioned previously, such cracks and openings 
are not very serious; the chamber pressure is not changed 
materially by burning on these surfaces, as it would be with a 
solid propellant, because the burning is largely controlled 
by the oxidizer flow in the hybrid engine. 

The combustion itself shows remarkable stability under all 
conditions, including very low chamber pressures and very 
low pressure drops. It appears, in fact, that the burning solid 
fuel is its own flameholder and a very stable one. This con- 
clusion is supported by photographic evidence obtained with 
small transparent hybrid engines. 

With the type of fuel charge shown (Fig. 3), a “hard” start 
has never been observed. From the experience gained to date 
it is concluded that hard starts will never occur with fuel 
charges which do not have longitudinal irregularities or pock- 
ets; the presence of such pockets may lead to starting diffic “ul- 
ties under some conditions. a 
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where personal voice-to-voice contact is neither desirable nor 
necessary. Such information, says Smith, is better trans- 
mitted by a teletype system, since it is possible to punch a 
tape of the received signal at the same time the typing sec- 
tion is recording the message; the taped signal may be re- 
transmitted to the point of origin to be checked for discrep- 
ancies. 

Clarke’s theme is the tremendous value of radio in space 
navigation. He expects “astrogators,”’ using modern elec- 
tronic equipment, to steer their ships by radio beacons located 
on the planets and possibly in space. 

The earth as a relay and master control station will be o 
particular significance because of the limitation on weight or 
volume in space vehicles. Rarely will there be “ship-to- 
ship” communication among space vehicles. Usually, with 
the space ships separated by tremendous distances, radio 
messages will be sent from ship to earth to ship. One reason 
for this is the power problem which becomes acute when 
considering communication with planets other than the moon. 
Clarke says that sufficiently large “radio mirrors” could be 
used to increase range—collecting and focusing usable signals 
without having to put up power. But it would be impractical 
to carry such huge equipment on space vehicles. 

As we have stated above our present limited concern is with 
the problems of communicating with unmanned earth satel- 
lites. The problems of earth or any other remote control of 
an unmanned earth satellite undoubtedly will be managed 
within the radio spectrum already allocated to government 
service throughout the world. We must look forward, how- 
ever, in the very near future, to the advent of the manned, 
earth-returnable satellite. We must also prepare to meet the 
well-founded contingency that states will not divert the use 
of the spectrum space allocated on a governmental basis to the 
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control of and communication with either unmanned 9; 
manned earth satellites. We must be prepared to utilize th 
very efficient existing international agencies in the great caus 
of initial space communication, even though the limitations 

are to the aeropause and to the space familiar to the earth, 

Following World War II, representatives of fourscore ng- 
tions met in Atlantic City under the auspices of the Inter. 
national Telecommunications Union to draw up new ground 
rules to regulate international telecommunications. 

Briefly stated, the ITU engages in four general courses of 
action: (1) It is instrumental in allocating radio frequencies 
and registering radio frequency assignments. (2) It seeks to 
establish the lowest rates possible, consistent with efficient 
service and sound financial administration. (3) It promotes 
measures for ensuring the safety of life through the coopera- 
tion of telecommunication. (4) It makes studies and recom- 
mendations and collects and publishes information for the 
benefit of its members. 

To implement the work of the ITU, the Convention set 
up an eleven-member International Frequency Registration 
Board (IFRB) (a) to effect an orderly recording of frequency 
assignments made by the different countries and the date, 
purpose, and technical characteristics of each assignment, 
with a view to ensuring formal international recognition thereof, 
(b) to furnish advice to Members and Associate Members 
with a view to the operation of the maximum practicable 
number of radio channels in those portions of the spectrum 
where harmful interference may occur. It also set up an 
International Radio Consultative Committee (CCIR) to 
study and make recommendations on technical radio ques- 
tions."© The Convention conferred upon its Secretariat the 
duty of collecting telecommunication data from sources 
throughout the world and suitably publishing it. 

The General Regulations annexed to the International 
Telecommunications Convention permit scientific and inter- 
national organizations to send experts to participate in ITU 
Conferences and work with its Committees and Subcom- 
mittees, though having no vote. Moreover, the AMERICAN 
Rocker Society, or a similar society of any other nation, 
may present petitions and resolutions to an ITU Conference 
with the consent of the official head of its national delega- 
tion.* The ITU has made an agreement with the United 
Nations whereby United Nations may be represented at 
ITU’s conferences or committee meetings and ITU repre- 

sentatives may attend meetings of United Nations’ General 
Assembly. Provision is also made for items proposed by 
either organization to be placed upon the agendas of the 
other organization or its various organs. There is also a 
reciprocal arrangement whereby the ITU will furnish any 
information which may be requested by the International 
Court of Justice and, in return, may request advisory opinions 
of the International Court of Justice on legal questions aris- 
ing within the scope of its competence. 

The Atlantic City Conference has recommended that the 
CCIR study, in particular, such questions as standardization 
of measurement and presentation of results of ionospheric 
sounding, coordination of investigations of absorption and of 
natural radio noise, and determination of the best practical 
means for rapid exchange of propagation information. 

In moving toward space flight, science and government 
must advance more rapidly in the field of telecommunications 
than in any other field. Fortunately, our territorial require- 
ments for the past century have been the same, so that a 
great deal of the management machinery is already set up 
in the various agencies of the International Telecommunica- 
tions Union and through the cooperative arrangements with 
the United Nations. 


6 International Article 8, 
par. 4 (3). 


& Rule 7, par. 2 (2). 7 
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The application of Fiberglas-reinforced plastics to highly 
stressed parts such as rocket cases is described. This ma- 
terial is found to have a very high strength-to-weight ratio, 
making possible substantial weight savings. Coupled with 
this, secondary advantages, such as improved quality, low 
production labor, and lack of critical strategic materials, 
add to the attractiveness of Fiberglas plastics. Processes 
for production of rocket cases by this method are described 
and discussed. 


1 Introduction 


R some years, the M. W. Kellogg Co., working with the 

Bureau of Ordnance of the Navy Department and the 
Allegany Ballistics Laboratory has been designing and build- 
ing structural parts for solid propellant rockets. This paper 
describes the application of Fiberglas-reinforced plastics to 
the structure of these rockets. 

The design of present-day solid propellant rocket cases is a 
delicate balancing operation in which structural properties, 
precision machining, and cost of production are weighed in 
search of the most acceptable compromise. The importance 
of weight, for example, needs no explanation here; nor does 
the emphasis on cost of production in an increasingly com- 
petitive market. Precision machining becomes essential in 
many missile applications to provide accuracy of alignment 
during flight. 

Fiberglas-reinforced plastics are of interest in this field since 
they offer to the careful designer an opportunity to make 
design improvements in weight, cost, and precision, simul- 
taneously. 

Everyone is familiar with the rapidly expanding use of 
Fiberglas-reinforced plastics. In the form of moldings, pro- 
duced by several methods, they are applied to a bewildering 
variety of commercial products. In addition to production ad- 
vantages, such parts offer a weight reduction, often of dra- 
matic proportions. It is this weight reduction which initially 
attracts the interest of the rocket designer. As will be de- 
scribed, weight reduction is achievable, but only if the nature 
of the reinforced plastic material is carefully taken into ac- 
count and a satisfactory balance is achieved between conflict- 
ing variables. 

To begin, let us examine the rocket-case problem to see 
what properties are required. A simplified solid propellant 
rocket case consists of three basic components. There is a 
shell, which is usually cylindrical. At one end a head closes 
the cylinder; at the other end, a nozzle fastens to the cylinder. 
Gas escaping through the nozzle throat creates the required 
thrust. 

From the standpoint of the mechanical engineer, the rocket 
case is a pressure vessel. The combustion of propellant takes 
place at high pressure, exerting tension forceson the containing 
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walls. In most applications, the stresses due to internal pres- 
sure are dominant in determining the design. In addition to 
pressure forces, the parts are subjected to thermal effects: 
thermal shock, high temperatures, and gas erosion affect these 
components in one way or another. 

The shell of the rocket is usually its heaviest component 
and will be discussed in detail in this paper. In almost every 
‘ase, its chief requirement is resistance to simple pressuriza- 
tion stresses. Some axial bending moments occur but they 
are usually minor, although occasionally local attachments 
cause a buckling problem. In most cases, the shell is pro- 
tected from the rocket flame and may be considered to be 
cold. 

The nozzle and head also receive high pressure loads. The 
head usually “sees” the flame but may be insulated to pre- 
vent heating. The nozzle receives a severe thermal and 
erosion situation and must be very carefully designed, particu- 
larly at the throat. 

These rocket parts are usually loaded briefly and for no 
more than two or three cycles (two hydrostatic tests and one 
firing). After firing, the rocket is often discarded completely. 
Thus, fatigue resistance is not usually important. The case 
must be resistant to the usual military hazards of weather, 
spray dirt, fungus, etc. It must not be damaged by long 
storage. It must operate equally well in the arctic or the 
tropics. It must not be easily damaged by handling. 


2 Some Principles of Fiberglas-Reinforced 
Plastics 


In applying reinforced plastics to rocket parts, certain 
fundamental principles must be observed if the maximum ad- 
vantage is to be obtained from this material. 

The term “reinforced plastic’? is somewhat misleading in 
high strength applications. The reverse term “‘resin-impreg- 
nated Fiberglas” would be more descriptive, since the Fiber- 
glas does most of the work. The structure consists of 
Fiberglas filaments, matted closely together, with the in- 
terstices filled with a plastic resin. 

Fiberglas is made by drawing bulk glass into extremely fine 
fibers (0.00023 to 0.00035 in. diam). This drawing process 
gives the fibers an extremely high tensile strength, ranging 
from 200,000 to 250,000 psi. The fine filaments are gathered 
together in “roving,” twisted into “yarn,” and woven into 
cloth of many weaves and textures. 

These fine filaments may be seen in Fig. 1, which is a micro- 
photograph of a typical tightly wound Fiberglas-reinforced 
plastic. In such a structure the Fiberglas filaments are the 
main strength elements. The resin serves chiefly as a binder, 
connecting the fibers through shear bonds and giving the 
structure general rigidity. The resin also seals the structure. 

The fibrous nature of the glass must be kept in mind by the 
designer; these filaments can carry load only in tension and 
(it is believed) only in the direction of the fiber axis. The 
strength of the composite in any given direction is the sum of 
the components of strength of all the fibers affected. For this 
reason, the orientation of the fibers is of extreme importance. 
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Fig. 1 


2 of Fiberglas-reinforced plastic— 
excessive porosity (250 x ) 


Fig. 


A square-weave cloth, for instance, would give equal strength 
in all directions, as would a randomly distributed mat of 
fibers. If the applied load is not equal in all directions, a 
suitable distribution of fiber directions can (and, for really 
high performance, must) be devised to fit the load pattern. 
This is the situation encountered in pressure vessel and rocket 
shell conditions. 

The importance of the resin cannot be overlooked. Al- 
though it does not carry much of the tension loading on the 
piece, the resin does have an important role to play. Its 
most important function is to bind the fibers together and 
transfer load by shear bonds from fiber to fiber. For this 
reason, it must bond firmly to the Fiberglas filaments and de- 
velop a high shear strength in this bond. The resin must not 
peel readily away from the Fiberglas or degradation will 
occur on repeated loading. The resin must, of course, be re- 
sistant to exposure to the environment of the rocket in test- 
ing, storage, or use. The resin must be reasonably rigid to 
prevent tube distortion. 

There is another resin property of importance which is 
more subtle. Since the resin and plastic are bonded together 
and depend on the bond for full strength, they must deflect 
together under load. Since Fiberglas loaded to capacity 
stretches between three and four per cent, the resin must not 
itself fail when stretched to this limit. Many otherwise ac- 
ceptable resins are found to be too brittle to pass this require- 
ment. Often the introductioa of a modifier to increase resin 
elongation produces markedly improved strength. 

For purposes of practicality, the resin should shrink as 
little as possible during curing and virtually not at all after 
curing. In so far as possible, the resin used should be easily 


handled and nontoxic. The toxicity of some of the best resins 
for this purpose is a continuing problem. 

Of the many possible resin combinations, four general 
classes have proved most satisfactory for glass-reinforced 
service. These are all thermo-setting resins, with curing 
temperatures ranging from 200 F to 400 F. These resins in. 
clude the epoxy, phenolic, polyester, and epoxyphenolic types, 

M. W. Kellogg’s direct experience has been chiefly with the 
epoxy resins, using Shell Epon 828 with a variety of catalysts, 
The epoxy resins have the outstanding property of low cure 
shrinkage (2 per cent or less). They bond well to Fiberglas 
and produce satisfactory structures. In the form used at 
Kellogg they need no solvent, thus minimizing porosity and 
permitting contact-pressure cures. The softening temperature 
of these resins depends on the catalyst, but is usually some- 
what less than that of the phenolics. The amine catalysts used 
for polymerization are toxic, requiring production precautions, 

Polyester resins are widely used with Fiberglas. They are 
somewhat cheaper then the epoxies. In the limited experi- 
ence with them at Kellogg, the 7 per cent shrinkage on curing 
caused difficulties in mandrel removal, etc. 

Phenolic resins are also widely used. The high temipera- 
ture resistance of these plastics is their outstanding advantage. 
The use of phenolics is usually restricted to molded parts; 
the release of vapors in the curing process makes pressure 
necessary to suppress bubbling. Phenolics can be cured in 
two stages; the glass may be impregnated with resin before- 
hand and finally cured in the mold. 

Recently, Kellogg has been experimenting with an epoxy- 
phenolic resin made by the Bakelite Co., which holds much 
promise. Handled like an epoxy, the resin yields good proper- 
ties on contact pressure. Like the phenolics, preimpregna- 
tion is possible, with its production savings. 

In addition to providing a satisfactory resin combination 
and the best fiber orientation, it is desirable to pack the glass 
as tightly as possible to provide a high bulk stress level and to 
conserve resin. Since the Fiberglas provides almost all the 
strength, the less resin used the stronger the structure. Care 
must, however, be exerted to prevent the resin content from 
getting too low so that voids appear in the structure. This 
leads to porosity and poor strength performance. The best 
compromise in most cases appears to be a mixture of 70 per 
cent glass by weight and 30 per cent resin. 

In molding parts, high glass content can be achieved by 
using a high molding pressure. In built-up or wound 
parts, using a less viscous resin and a higher winding tension 
will in general increase the glass content. 


of Fiberglas Pressure Vessel and 


Rocket Construction one 


Cylindrical Cases 

To construct a Fiberglas pressure vessel in the most effi- 
cient manner the glass should be applied in a particular pat- 
tern to allow the fibers to carry a8 much load as possible. In 
a cylindrical vessel under internal pressure, twice as much 
load-carrying glass is required in the circumferential direction 
as in the axial direction. There are various methods of ac- 
complishing this condition, a few of which will be discussed 
here. 

Glass cloth may be used as the load carrying medium, ap- 
plied as a sheet to a rotating cylindrical mandrel and impreg- 
nated with resin in the same operation. The cloth should be 
woven with two circumferential fibers for each axial fiber. 
Care must be taken to prevent wrinkling during application, 
since slight cloth wrinkles can start delamination during pres- 
surization, causing premature failure of the vessel. The 
many cross-over points in the glass cloth weave leave void 
regions, making a tight packing of the composite difficult. 
For this reason, most cloth-wrapped units are rich in resin. 
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Another method employs two separate systems for carrying 
circumferential and axial loading. A unidirectional fiber 
doth is wound on the mandrel first, capable of resisting the 
entire axial load. Continuous glass fibers designed to pro- 
duce the required hoop strength are circumferentially wound 
over this base. Using this method, the cylinder may easily 
be locally reinforced in either direction for the purpose of re- 
sisting local loads. 

This process has been successfully used and produces light- 
weight designs. By its nature, it is limited to cylindrical 
parts. Ends may be attached by scarfed and glued metal 
rings. 

A third method, which will be more fully discussed here, 
consists of helieally winding Fiberglas yarn on a mandrel at 
a predetermined angle and impregnating the weave with a 
suitable resin. This technique, known as filament winding, 
is shown schematically in Fig. 3. The winding angle @ is 
chosen. in order to produce the correct relationship between 
axial and circumferential strength in the finished tube. The 
derivation is based on the following assumptions: 

1 The load is carried by the composite structure of glass 
fibers and resin, both deflecting equally. 


have no bending strength. 
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Fig. 3 Filament winding 


The band of glass fibers is applied to the rotating mandrel 
from a traversing carriage. As the carriage reverses direc- 
tion, the fibers are pulled tightly around the spherical man- 
drel end, thus preventing slippage. During construction, a 
slow precession of the carriage places each successive winding 
circuit adjacent to the previous one and continues until enough 
glass is applied to produce the required strength. The wind- 
ing pattern is continuous, having only one beginning and one 
ending for the entire structure. It is important to note that 
this technique produces a wrinkle-free tube with no seam, 
which is actually a fabric woven on the mandrel, thus reducing 
the chances of delamination considerably. The use of glass 
in the filament condition and the continuous tight weave 
method of construction results in a tube with a high strength- 
to-weight ratio. 

As the winding progresses, the matrix is impregnated with 
a plastic resin. It has been found that the resin content de- 
pends to a great extent on the thread tension during winding 
and on the viscosity of the resin as applied. 

Figs. 1 and 2 are cross-sectional microphotographs of two 
filament-wound specimens made with normal and high thread 
tension. These pictures were taken with magnifications of 
250 and clearly show the separate winding bands which 
cross each other at different angles. Each filament shown is 


0.00038 in. diam. Two hundred and four filaments constitute 
an ‘‘end’’ and eight ends make up one winding strand. Fig. 2, 
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2 The fibers can carry load only along their axes. They 


4 and the resin content. 
resin content, the density of these tubes is about 0.06 lb/cu in. 


wound with excess tension, shows a resin-starved matrix con- 
taining large voids “hich cause tubes of this type to fail pre- 
maturely due to porosity. The contrast between this and a 
normal tube, Fig. 1, is striking. 

Since the resin content in any cylinder directly affects its 
wall thickness, the standard P-(R/t) calculated hoop stress 
can be misleading, when the stress in the glass itself is desired. 
The resin carries practically no load and, therefore, by con- 
sidering all the load to be carried by the glass fibers, along 
their axes, it can be shown that Ore 


... 
6 tan 6 


S; = tensile stress in each glass fiber, psi 

p = internal pressure, psi 

R= tube radius, in. 

N = number of winding circuits (forward and back) applied 


in constructing the cylinder 
Ay = cross-sectional area of glass in the band being applied 
@ = angle of wind, with the horizontal axis 


Fiberglas plastic tubes made at Kellogg by the process just 
described regularly develop a gross-fiber stress of 200,000 psi 
and have developed as much as 250,000 psi. The composite 
stress based on the over-all area of glass and plastic has 
ranged from 55,000 to 85,000 psi depending on the resin used 
In the normal range of 30 per cent 


_ This makes the material one of the lightest known, as shown in 
Table 1. 


Table 1 Strength-weight ratios of various structural 
materials 
Strength, Density, Strength + 
| Material psi Ib/cuin. density 
| Steel, 65,000 0.283 230,000 
| Steel alloy, normalized 100,000 0.283 


Steel alloy, heat treated 180,000 0.283 
| Steel alloy, strongest 225,000 0.283 
| Aluminum 75ST 85,000 0.10 
| Titanium alloy 90,000 0.16 
Fiberglas plastic, cur- 
rent 55,000 0.060 
Fiberglas plastic, even- 
tual 75,000 0.065 1,150,000 


The resin may be applied in various ways. The simplest 
method is actually to pour the catalyzed mixture onto the 
mold released mandrel during winding and manually work it 
into the fibers using a paddle. It is naturally more economi- 
cal to set up an automatic system for application if any large 
number of tubes is to be made. The fibers may be run 
through a bath of resin before they are applied to the mandrel, 
but experience has shown that this method makes it neces- 
sary to drive the machine at a slow speed. Both of the above 
systems necessitate the use of a resin with a fairly long work- 
ing life. Ifa resin is used which goes through various stages 
of cure, as in the epoxy-phenolics, it is possible to preimpreg- 
nate the glass fibers with partially cured resin before winding 
and administer the final cure after the tube is completed. 

In early filament winding work at Kellogg, the cylindrical 
metal mandrel used was fabricated in axial segments which 
allowed the mandrel to be collapsed for removal after curing 
the tube. The junction lines of the mandrel segments created 
slight axial ridges on the internal surface of the cylinder which 
ultimately caused stress concentrations during pressuriza- 
tion. Subsequent development work resulted in a one-piece 
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Fig. 5 Large Fiberglas plastic rocket case 


chrome plated tubular mandrel, tapered at an angle of ap- 
proximately 1 min of are. This type of mandrel, when 
properly mold released, is removed from the cylinder very 
easily. A smooth internal tube surface results. 

The mandrels are equipped with spherical ends which are 
wound in tightly during the tube construction. When wind- 
ing a rocket case, one of these spherical ends can be replaced 
by a specially designed nozzle which is wound in and remains 
an integral part of the unit. Two small units of this type 
are shown in Fig. 4. A metal end ring has been adhered to 
the forward end of the case for accepting the forward head. 
Both ends of a tube may be wound in if a fusible or collapsible 
mandrel is used. 

Fig. 5 shows a larger diameter rocket case constructed by 
the M. W. Kellogg Co. using the filament winding technique, 
but with cemented metal end rings. 


B Nozzles and Heads 


As in the cylindrical case, Fiberglas-reinforced plastics find 
a promising application in rocket nozzles and heads. These 
parts are subjected to more thermal exposure, and thus re- 
sistance to high temperatures becomes as important as the 
basic strength at room temperature. 

The head closure is readily molded in simple equipment. 
Although experience to date is very limited, work at Alle- 
gany Ballistics Laboratory shows much promise. Heads 
have been molded from small patches of glass cloth, pre- 
impregnated with 91LD phenolic resin. These are molded 
under high pressure and moderate temperature to produce a 
dense, high quality material. Properly designed, strengths 


of as high as 40,000 psi can be developed. This permits , 
weight reduction of 30 to 40 per cent over equivalent metg| 
parts. In production, these molded parts would be far Jes 
expensive than steel heads, since the labor charge in each 
piece is very low. 

Rocket nozzles can be molded similarly, although indica. 
tions to date are that some additional protection is needed at 
the throat in the form of an insert of more erosion-resistant 
material. 


4 Summary 


Based on research and development work at the M. W. 
Kellogg Co., and on considerations just described, the advan- 
tages and disadvantages of Fiberglas-reinforced plastic as a 
rocket material may be summarized as follows. 


A Advantages 


1 The most striking advantage, which has been discussed 
previously in this paper, is the exceptional strength-to-weight 
ratios possible when this material is used efficiently. As 
shown above, the use of Fiberglas permits a weight reduction 
of 30 per cent when compared to present practice. 

2 The dimensional quality of tubes produced on « one- 
piece mandrel is excellent. Since the tube is cured while still 
on the mandrel, the internal surface of the finished tube is as 
true as the machined diameter of the mandrel. Recent large 
diameter units have been made having a maximum ovality of 
less than .005 in. TIR. 

3 Although the raw material cost is high, the resultant 
reinforced plastic vessel should be cheaper than a compara- 
tive metal one because of low fabrication expenses. Un- 
skilled or semiskilled labor may be employed, and the ma- 
chinery required is relatively simple. The vessel may be 
completed in one step, thus eliminating expensive machining, 
welding, and heat treating operations. The simplicity of the 
filament winding technique makes it possible to install semi- 
automatic machinery for production work. 

4 No critical materials are used in the process. The re- 
sultant product has good insulating properties and erosion 
resistance. 

5 Reinforced plastic vessels do not shatter upon impact 
from bullets or similar objects, as do steel vessels. This 
property is desirable for military applications. 


B_ Disadvantages 


1 Two undesirable properties of reinforced plastic material 
are the low compression or bearing strength and its low 
modulus of elasticity. In standard pressure vessels, the effect 
of a low modulus is not too important, but in rocket applica- 
tion where droop characteristics are of great concern the low 
modulus may be disadvantageous. Since glass fibers are not 
good compression members, the compressive strength of a 
tube is approximately that of the resin itself. 

2 A definite problem in reinforced plastic construction is 
quality control. The number and extent of voids in such a 
tube are difficult to determine without actually destroying the 
tube. 

3 Most of the resins used deteriorate at temperatures 
above 400 F, making the vessel useless in that range if con- 
tinuous service is required. 

4 Toxicity of the resin is another important problem. 
Care must be taken to provide sufficient ventilation in vicin- 
ities where workers handle the mixtures and contact with 
the skin should be avoided. This is particularly true when 
epoxies are used. 

The high strength reinforced plastic field is still in the stage 


of development and problems are continually being overcome. 
Every indication, however, shows that this is a material with 
a definite future in the pressure vessel field. 
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[. W. 
dvan- Bluff body flame stabilization depends on the existence 
» aS a of a sheltered wake behind the body in which hot gas re- 


circulates. The hot-wake gas ignites fresh combustible 
mixture; ignition occurs in a mixing zone between hot gas 
and external stream. Thus the mixing zone is of critical 
import in bluff body flameholding and demands further 
issed study. An experimental arrangement was devised to 


eight simulate important features of the bluff body mixing zone 
As while permitting controlled study of the variables involved. 
‘tion The rnixing zone between two parallel gas streams, one hot 
and one of combustible mixture, was studied. Ignition of 

one- the combustible stream was achieved with this arrange- 
stil ment, and many interesting phenomena were observed. 
IS as Ignition was possible only above a certain temperature of 
arge the hot stream, ignition temperature depending markedly 
y of on fuel type, and related to fuel-activation energy. Burn- 


ing was first seen in the mixing zone at some distance down- 


ant stream from first contact of the streams. Further 
ara downstream a vigorous flame appeared that propagated 
Un- into the combustible stream. The propagating flame was 
na- established only when the residence time of combustible 
be material in the mixing zone was long enough to lead to 
ng, ignition of a mass adequate to serve as a secondary ignition 
the source. This result was applied to the explanation of bluff 
nl- body flame stabilization and blowoff. 

4 Nomenclature 

H = detachment distance of initial flame 
ct H' = detachment distance of propagating flame 
Lis L = length of recirculation zone 

{ = ignition time for initial flame 

t' = ignition time for propagating flame 

T; = inner stream temperature, K 

Vi = inner stream speed 
Vo = outer stream speed 
. rt = ignition time for bluff body flameholding 
‘i ¢ = fuel-air ratio, fraction of stoichiometric 


- Introduction 


t LUFF body flameholding depends on recirculation of hot 

burned gas in the sheltered wake of the flameholder. 
The hot gas in the wake, acting as a pilot burner, ignites fresh 
combustible mixture flowing by in the external stream. 
Ignition occurs in a mixing zone between recirculation region 
7 and external stream. Close to the flameholder the mixing 
zone is thin, ignition is rapid, and a true flame exists even 
close to blowoff. Further downstream the mixing zone is 
broad, and ignition is slower on the average. Only under 
favorable conditions is the pilot burner, i.e., the recirculation 
region, able to ignite a sufficient mass of gas in this part of the 
mixing zone to establish a self-sustaining flame that propa- 
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gates into the cool stream. Zukoski and Marble (1)4 have 
shown that if gas from the external stream remains in the 
neighborhood of the recirculation region longer than a critical 
time r, a self-sustaining flame results, otherwise blowoff. The 
time +r depends only on the chemical characteristics of the 
combustible mixture and on the temperature field, not on 
other flow properties. This characteristic time is a similarity 
parameter for bluff body flameholding; there is a second im- 
portant similarity parameter, the length L of the recirculation 
zone. Together, those two parameters provide a description 
of bluff body flameholding. They lead to prediction of blowoff 
velocity: Vgo = (L/r). The important fact is that they 
separate the bluff body flameholding problem into two parts: 
chemistry (7) and fluid dynamics (Z). 
The similarity parameters furnish answers to practical 
bluff body flameholding problems; further elucidation of de- 
tails of the processes involved is required. The mixing zone 
is of particular importance and has been studied in several 
different ways. One line of attack (2) was to simulate the 
bluff body mixing zone by a mixing zone that was simpler and 
subject to control, thus permitting study of the influence of 
various hydrodynamic, thermodynamic, and chemical vari- 
ables. The mixing zone between two parallel streams, one 
of hot gas and the other of cool combustible mixture, was 
selected for study. This arrangement successfully simulated 
many features of bluff body flameholding. 
The experiment demonstrated that ignition in a mixing zone 
between a hot inert gas and a combustible mixture is possible 
_ if temperatures are high enough. The resulting flames were 

exceedingly interesting. A weak flame, called the initial 
_ flame, originated close to the flameholder and was confined to 
the mixing zone. Further downstream another flame, called 
- propagating flame, appeared. This flame burned intensely 
and propagated into the cool combustible stream. The propa- 
- gating flame was strongly affected by stream speeds and fuel- 
air ratios as well as by stream temperatures. 

Study of the influence of chemical and fluid dynamic 
variables revealed several features that are important in 
bluff body flameholding. Indeed this experimental study of 
the mixing zone pointed the way for some of the work that 
culminated in the discovery of similarity parameters for bluff 
body flameholding. 


Equipment 


The parallel streams for this experiment were coaxial, the 
central stream hot, and the annular stream of combustible 
mixture. Thus, efficient use was made of the energy contained 
in the hot stream. The geometry was cylindric, eliminating 
the end and corner effects that plague rectangular configura- 
tions. 

Design of the apparatus (Fig. 1) was fixed largely by the 
necessity for keeping the inner stream hot. The flat cylindri- 
cal burner minimized unheated length of inner stream duct. 

Separate heat exchangers supplied gas for the inner and 
outer streams. The inner stream passed through a 1/2-in. 
stainless steel tube helix immersed in the exhaust gases from 
a turbojet can burner. To reduce radiation losses the helix 
was mounted in a 6-in.-diam alundum tube that ran red, or 
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THERMOCOUPLE— HIGH- RESISTANCE GRID 


Fig. 1 Cross-sectional view of cylindrical burner 

white, hot. Surface oxidation of the stainless steel tube was 
minimized by asbestos wrapping. This precaution assured 
a reasonable tube life even for operation with inner stream 
gas at 1300 K. Tube life decreased rapidly with increasing 
temperature. 

The second heat exchanger was similar but simpler since it 
supplied air for the outer stream at a maximum temperature 
of 750 K. Continuous variation of temperature was achieved 
with the help of a cold-air by-pass. Fuel was injected into the 
air downstream from this heat exchanger, but far enough up- 
stream from the burner to assure homogeneous mixing. Fuels 
were acetylene, propane, carbon disulphide, and Union Oil Co. 
Thinner #1, a gasoline-like hydrocarbon. 

Combustible mixture passed through the injector ring and 
uniformly into the outer chamber of the burner, shown in 
Fig. 1. Thence, flowing radially inward through a grid and 
inner chamber and finally negotiating a 90 deg turn, the com- 
bustible mixture formed the outer annular stream. Con- 
vergence of the stream from grid to outlet was 30:1, and the 
resulting velocity pr. file was reasonably flat (Fig. 2). 
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Fig. 2 Mach number distribution 


Several preventative measures were taken to minimize 
circumferential flow in the outer stream. Cylindrical sym- 
metry was enforced throughout; large pressure drops were 
maintained across the injector ring and across the grid (Fig. 1) 
to ensure uniform initial distributions. To eliminate large 
scale circumferential motions, short radial baffles were in- 
corporated. Subsequent contraction of the flow sufficed to 
damp secondary flows generated by the baffles. With proper 
baffle adjustment no circumferential flow and no local dis- 
turbances were seen in the outer annular stream. 

This stream flowed virtually parallel to the inner stream. 
To ensure smooth joining of the streams the flow divider 
terminated in a razor-sharp edge. Resulting velocity pro- 
files were ideally flat except for thin boundary layers originat- 
ing on the flow divider. Even these boundary layers had 
slight influence on the flames. A short distance downstream 
from the stream divider, and upstream from the flame, the 


velocity profiles were indistinguishable from those expected 
for initially flat distributions. 

The sharp edge prevented the stream divider from acting 
as a flameholder. As a further precaut on, the divider was 
water cooled. 

The short length of cooled divider, Fig. 1, did not appreci- 
ably affect the inner stream temperature. Time of contact 
of hot gas with cool surface was so short that heat loss was 
slight. Resulting temperature profiles were moderately :ood 
(Fig. 3). 
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Fig. 3 Temperature distribution 


The outer stream appears in Fig. 1 as a free jet and was so 
operated in most of the experiments. For comparison pur- 
poses, the entire stream was enclosed in a cylindrical duct. 
Experiments performed with this configuration showed that 
the external duct had small influence close to the stream 
divider. Further downstream, however, marked differences 
were observed. Flames spread less rapidly with the enclosing 
duct in place, and ignition distances were somewhat different 
for the confined propagating flame. 

The cylindrical, coaxial streams provided most of the results 
to be reported. For preliminary observations, particularly for 
optical studies, a small rectangular duct proved convenient. 


Observations and Results 


The first important result of this experiment was the 
demonstration of ignition of a flowing combustible mixture by 
means of a stream of moderately hot gas. Ignition was 
achieved with an inert gas (nitrogen) but was then slightly 
more difficult than with air as hot gas. Hot-gas temperature 
necessary to produce ignition varied markedly with fuel type. 
An acetylene-air mixture was ignited by a hot stream at 1025 
K. With propane and with paint thinner, 1205 K was re- 
quired, and it was also necessary tq heat the combustible mix- 
ture by 200 to 300 K before ignition occurred. On the other 
hand, carbon disulphide ignited much more easily than 
acetylene. Minimum ignition temperature was little in- 
fluenced by fuel-air ratio or by gas speeds. 

The marked influence of fuel type on minimum ignition 
temperature suggested correlation with a simple property of 
the fuel, perhaps the activation energy. To test the correlation 
hypothesis, ignition temperatures and activation energies for 
three fuels were compared. Assuming activation energies 
16, 20, 26 K cal/mole for carbon disulphide, acetylene, and 
propane, respectively (3), an ignition temperature of 820 K 
was computed for carbon disulphide and 1333 K for propane. 
Experimental agreement with these values was adequate to 
indicate that activation energy was a dominant factor in de- 
termining ignition temperature. 
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The ignition established a flame, called the initial flame, in 
the mixing zone. This flame existed at all observable fuel-air 
cting § ratios but appeared weak, particularly with very lean mix- 
‘was — tures. Ionization in the flame, measured with an ionization 

probe, was small. The position of the initial flame was steady 
reci- EE in time, its detachment distance H from the stream divider 
itact fF depending principally on stream temperatures and. only 
Was weakly on fuel-air ratio and stream speeds (Figs. 4 and 5). 
rood Fig. 4 shows the detachment distance H plotted vs. fuel-air 
ratio for several outer stream speeds. Ignition time ¢, i.e., 
the travel time for a combustible particle from stream joining 
to ignition, was perhaps a more significant variable than H. 
Unfortunately, the experiments were inadequate to provide 
accurate numerical values for ¢t. The average speed of 
the particle over the prescribed path depended on both inner 
and outer stream speeds. Based on a speed between these 
two, / was calculated to be of the order of one millisec for 
acetylene with inner stream at 1115 K. Experimental speed 
ranges were too restricted to show whether or not ¢ was inde- 
pendent of stream speed, although certain results suggested 
this possibility. 
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Fig.5 Detachment distance of ‘‘initial flame’’ vs. acetylene-air 
equivalence ratio ¢ for several hot-stream temperatures V,/V; = 
0.19, Vi = 148 fps 


Fig. 4 shows an interesting feature. For constant stream 
speeds the detachment distance H did not change over a wide 
range of fuel-air ratios. Ignition time was probably constant 
since no lateral motion of the ignition point was observed 
with changing fuel-air ratios, and there was no apparent 
change in velocity profiles. Hence the relation between ¢ 
and H did not change. Constancy of H was perhaps over- 
emphasized by the technique of measurement since an ob- 
server tended to select standard unit values of H. In any 
case, changes were small. The curve, accepted at face value, 
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indicated that at lean fuel-air ratios each fuel molecule re- 
acted as though independent of local fuel concentration. 
Energy to make the reaction go was externally supplied by the 
hot stream, and the initial reaction did not have to supply 
energy to ignite fresh material as in a true flame; there was 
no problem of igniting a certain mass of gas for continuing 
reaction. In this special situation, particularly with excess 
oxygen, it is possible that reaction rate was independent of 
fuel concentration. 

Initial flame observation convincingly demonstrated an- 
other result: Detachment distance increased with decreasing 
temperature; close to minimum ignition temperature, the 
increase was extremely rap'd (Fig. 6). Time for ignition 
t likewise increased with decreasing temperature. The 
variation of H with temperature was perhaps best shown 
by plotting (H/H,) vs. [(1/7,)—(1/T)] on semilog paper. 
(Subscript 1 referred to a particular set of conditions, ar- 
bitrarily chosen.) A straight line resulted: H varied ex- 
ponentially with (1/7') shown in Fig. 7. If, then, the detach- 
ment distance H was assumed proportional to ¢, the slope of 
the line yielded the activation energy for the process, 22 
K cal/mole, to be compared with the 20 K cal/mole for 
acetylene given in (3). 
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Fig. 6 Detachment distance of the ‘‘initial flame’’ vs. tem- 


perature of hot stream acetylene-air equivalence ratio ¢ = 0.3, 
Vo/Vi = 0.19, Vi = 148 fps 


The initial flame provided important quantitative results; 
the development of the flame further downstream was also 
interesting. At moderate air speeds and fuel-air ratios a 
flame propagated from the mixing zone into the cool un- 
burned fuel-air mixture. This flame was called the propa- 
gating flame; it burned intensely and fluctuated in space. 
Small as well as large fluctuations wrinkled its surface. The 
average distance H’ of the base of this flame from the stream 
divider was studied as flow parameters changed. The dis- 
tance depended strongly on stream temperature, Fig. 8, as 
did the detachment distance of the initial flame. In con- 
trast to the initial flame distance, H’ varied rapidly with 
stream speeds and fuel-air ratios (Figs. 9 to 11). Again the 
experiments were not suitable for showing whether a constant 
ignition time ¢’ was to be expected for the propagating flame. 

Activation energies computed in the same way as for the 
initial flame in general gave higher values, often twice as 
great, and values that varied with fuel-air ratio. The results 
were affected close to the stream divider by the tendency of 
fluctuating propagating flames to flash back into the outer 
duct. Other results indicated that the straight-line curves 
should not have been extended down to zero distance. Also, 
far from the splitter, the flames were influenced by changes 
in the external flow pattern. Although quantitative results 
were meager, qualitative effects were striking. Changes in 
H’ with stream speeds, fuel-air ratios, and stream tempera- 
tures were all rapid. 
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Fig. 7 Variation of characteristic time with inner stream tem- 
perature acetylene-air equivalence ratio ¢ = 0.3, Vi = 148 fps, 
Vo/Vi = 0.19 
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Ignition of the propagating flame was a different phe- 
nomenon than ignition of the initial flame. For the propa- 
gating flame, ignition of a sufficient mass of gas to initiate a 
self-sustaining flame was required. ‘Activation energy” 
computed for this process would probably be higher than the 
true fuel activation energy. Concentration-dependent ig- 


nition times would also be expected. 
on 
Conclusions | 


Experiments in the mixing zone between two parallel gas 
streams have shown that a hot stream will ignite a stream of 
combustible mixture, provided the temperature of the hot 
stream is high enough. The time required to ignite depends 
critically on stream temperatures. Time is counted from the 
instant of first contact of the two streams. Close to the 
ignition point burning is confined to the mixing zone; under 
favorable conditions a propagating flame appears further 
downstream. The propagating flame is a vigorous, self-sus- 
taining flame that propagates out into the cool combustible 
stream. 

These findings for combustion in a turbulent mixing zone 
are analogous to results of calculations by Marble and 
Adamson for ignition in a laminar mixing zone (4). These 
authors showed how a slow reaction in the mixing zone finally 
develops a true laminar flame front that propagates into the 
cool combustible stream. Particularly, they showed how the 
time required for development depends on stream tempera- 
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Fig. 8 Detachment distance of the ‘‘propagating flame’’ vs. 
acetylene-air equivalence ratio ¢ for several velocities of stream 
of combustible mixture, Vj; = 148 fps, 7; = 1115 K 


tures. As the hot stream temperature decreases and ap- 
proaches a critical value, ignition time increases enormously. 
Below this temperature, ignition time is so great that no flame 
is seen within the bounds of any practical-size burner. 

The laminar calculations are not directly applicable to 
experiments in a turbulent mixing zone except perhaps close 
to stream joining. They may indeed predict the initial flame 
development, but more significantly they emphasize the 
physical processes necessary for establishment of a propa- 
gating flame. The calculations show that a certain residence 
time in the mixing zone is necessary for a combustible mass 
to ignite and burn to the extent that this mass will in turn 
serve as an ignition source. Residence time required de- 
pends on factors such as activation energy and initial tem- 
peratures. In the mixing zone experiments it was clearly 
necessary to ignite a certain mass of combustible material; 
a smaller mass was quenched when surrounded by relatively 
cool fresh mixture. 

The mixing-zone experiment was designed to simulate 
certain features of bluff body flameholding. Fortunately, 
the flames observed in the parallel-stream experiment were 
similar in appearance to bluff body flames (Figs. 12 and 13); 
thus comparisons between the stwo types of flame were 
facilitated. The counterpart of the initial flame (Fig. 12a) 
was perhaps the bluff body residual flame (Fig. 12b). Both 
flames were confined to a mixing zone and were continuously 
supplied with energy froma hotstream. Neither flame propa- 
gated into the cool external stream. 

The bluff body residual flame existed only close to flame 
blowoff. A slight, favorable change in mixture strength or in 
flow speed produced marked changes in the flame (Fig. 13b). 
A propagating flame was then established downstream from 
the recirculation zone. The bluff body propagating flame 
appeared similar to the propagating flame observed in the 
parallel-stream experiment (Fig. 13a), except that the par- 
allel-stream flame spread more rapidly because the outer 
stream was slow and because the flame was not confined. 
The flames of Fig. 13 look very different from the flames of 
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Fig. 9 Detachment distance of the ‘‘propagating flame’’ vs. 
acetylene-air equivalence ratio ¢ for several hot-stream speeds 
Vo = 28 fps, Tj = 1115 K 
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Fig. 10 Detachment distance of the ‘‘propagating flame’’ vs. 
acetylene-air equivalence ratio ¢ for several hot-stream tem- 
peratures Vo/V; = 0.19, Vi = 148 fps 


Fig. 12; yet, close to the flameholder and close to the point 
of stream joining, practically no change occurs. In this 
region the flames are confined to the mixing zone; and tem- 
peratures, velocities, and compositions are virtually the 
same at different mixture ratios. 

These similarities between flames held on bluff bodies and 
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| 
_ 1000 100 1200 1300 1400 
Fig. 11 Detachment distance for the ‘‘propagating flame’’ vs. 


temperature of hot stream VWo/Vi = 0.19, Vi = 148 fps, 
-etylene-air equivalence ratiog = 0.3 


(b) 

Fig. 12 (a) Photograph of the initial flame in parallel-stream 

burner; 7’; = 1100 K, ¢ = 0.3, Vi = 187 fps, V./Vi = 0.15. 

(b) Photograph of residue flame held on bluff body in 2- X 4-in. 

duct; flameholder is 3/4-in. cylinder with axis along flow 
direction; Re = 3.8 X 1 0.79 


(a (b) 


Fig. 13 (a) Photograph of initial and propagating flames in 
parallel-steam burner; 7’; = 1140 K, ¢ = 0.4, V; = 187 fps, 


V./V; = 0.15. (b) Photograph of flame held on bluff body in 
2- X 4-in. duct; flameholder is 3/4-in. cylinder with axis along 
flow direction; Re = 3.8 X 104, ¢ = 0.81 
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fiames in the parallel-stream experiment lend confidence to 
the application of the parallel-stream results to bluff body 
flameholding. For the bluff body, then: Residence time in 
the mixing zone must be long enough to permit ignition of a 
combustible mass adequate to serve as an independent 
source of ignition for a propagating flame. Residence time 
required in bluff body flameholding is equal to the chemicai 
time parameter 7; residence time available is the time spent 
by combustible mass in the neighborhood of the energy source, 
the recirculation zone. When the time available is shorter 
than time required, no propagating flame exists. 
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Effect of Vibrations on Motion of Small Gas Bubbles 


bat (Continued on page 964) 

The integral in the bracket is the downward flux F through 
a plane on the level — due to the combined motions 4 and 4, 
and the integral in Equation [a] equals JS Fdé. If the plane 
is below the bubble, the flux F must be zero because the fluid 
is incompressible. If the plane is above the bubble or cuts 
the instantaneous position of the bubble, the flux F(&) is 
the negative rate of change —0B/Odt of the partial volume 
B(£&) of the bubble below the plane, Fig. 3(b). Therefore 


zt+at+A 
fos + u,)dV = -f dt = 
0 


re) zt+a+A 
B(é)dé 


Integrating by parts and noting that the boundary terms 
vanish because B(z + a + A) = 0 Pie a 


| 4x 


The value of the last integral was obtained by noting that it 
represents the negative first moment of the total bubble vol- 
ume with respect to the surface. !” 


APPENDIX 2 


Effect of Viscosity 


As the buoyancy forces are proportional to a*, while vis- 
cosity forces change as the surface, i.e. a®, viscosity will enter 
the problem, and even control for sufficiently small bubbles. 
The viscous force resisting the displacement of a bubble can 
be expected to be proportional to the relative velocity ¢ of 
the bubble with respect to the fluid, and therefore of the form 
C(a + A)*é, where C is a constant. This force can be in- 
cluded in the analysis by adding such a term to [11]. In 
addition, it is necessary to allow for the fact that viscosity 
will modify the field of the flow, increasing the virtual mass 
of bubble by a correction factor C; > 1. Equation [11] is 
therefore to be replaced by 


978 


while the second equation of motion [15] remains unchanged, 
The problem can be treated as before, and oscillatory solutions 
exist in certain cases. The character of the solution changes 
only with regard to the phase of & with respect to z. 

To see the nature of the modification consider the extreme 
case of very small bubbles such that the first term in [a], 
representing inertia effects, can be dropped 


2 


Substituting the solution [16] for A, the velocity becomes 
2ag| aN a aN 
C 1 cos wt + 6 cos 2a |. 


Oscillatory solutions exist again provided 

instead of the previous condition aN = 2. It is interesting 
to note that the limiting condition [d] does not depend on the 
value of C. When the critical depth h is computed, values 
about three times larger than before are found. !* 

Caution is, however, required when using [a]. By apply- 
ing it to the steady rise of a bubble in a constant gravity field, 
it can be shown that this equation is only valid for quite small 
bubbles. Equation [a] leads to a linear relation between the 
radius and the terminal velocity which agrees with experi- 
ments for air bubbles in water only for radii of less than 
0.1 em; for larger bubbles the terminal velocity increases 
slowly because complicated phenomena like spiraling occur (6). 

In view of the above just a rough clue whether or not vis- 
cosity will modify the results of the analysis of the main 
body of this paper can be obtained by comparing the velocity 
é, Equation [19], and available information on the terminal 
velocity of rising bubbles. For bubbles between 0.1 to 1 in. 
diam the terminal velocity of air bubbles in water is 8 to 10 
ips. Unless the velocity ~ is smaller than this value, the 
actual depth h can be expected to be larger than that com- 


puted from [24, 25]. 
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'2 One might be tempted to compute this integral simply by 
substituting the known values of wa and u, for an infinite un- 
bounded fluid. This would lead to an incorrect result as the 
effect of the boundary, even if very far, contributes substantially 
to the value of this integral. The method of evaluation used here 
includes this effect. 

18 Tt should be noted that the dropping of the inertia terms 
leading to Equations [b, ¢] is permissible only if the bubble radius 
a is quite small. The expression for the relative velocity ~ con- 


tains the radius a as factor, and é will therefore become small 
compared to the over-all velocity of the vessel and fluid. For 
sufficiently small bubbles an outside observer will see—in first 
approximation—that the bubble simply moves with the fluid. 
Only closer inspection will disclose the superimposed relative 
motion according to Equation [c]. 
must therefore occur quite slowly. 


Any sinking of the bubble 


JET PROPULSION 


mi 
ter 
he: 
wh 
bul 
as 
cor 
in 
in 
i 
fri 
ri 
E res 
| D 
AVN 
| 
} 
| 
I 
i 
Ch 
| 
t 
i 
t 
4 


- [al 


nged, 
itions 
Anges 


reme 


[a], 


sting 
the 
lues 


ply- 
eld, 
mall 
the 
han 
ASeS 
(6). 
vis- 
ain 
sity 
nal 
in. 

10 
the 
m- 


. Chicago, IIL, 


NOVEMBER 1956 


Heat Transfer and Friction Characteristics of 
White Fuming Nitric Acid 


H. WOLF,’ F. 


Purdue University, Lafayette, Ind. 


An experimental investigation was conducted to deter- 
mine the convective heat transfer and fluid friction charac- 
teristics of red and white fuming nitric acid (RFNA and 
WFNA, respectively) under conditions simulating the 
regenerative cooling of a rocket motor. The recommended 
heat transfer equation for WFNA is j = 0.030 Nz °* 
where all physical properties are evaluated at the average 
bulk temperature of the WFNA. In the case of RFNA, 
ascale or deposit formed so rapidly in the test section no 
correlating equation could be determined. The decrease 
in heat transfer associated with scale or deposit formation 
in the test section was investigated for both WFNA and 
RFNA. With WENA, the Fanning friction coefficients 
with heat transfer fron-iso is related to the isothermal 
friction coefficient fis. by the relationship fiso/fnon-iso = 
(up /u )’". No correlation of the nonisothermal friction 


results could be obtained for the RFNA. ® a 


Nomenclature 


A = test section flow area, sq ft 

Cp = specific heat at constant pressure, Btu/lb F_ 

D = diameter of test section, ft 

fiso = Fanning friction factor under isothermal conditions, 


f = APg yA*D/2GL?, dimensionless 


foon-iso. = Fanning friction factor with heat addition, dimension- 
less 

G = weight flow rate, lb/sec 

g = acceleration due to gravity, fps? 

h = film coefficient of heat transfer Btu/sq ft hr F 

j = Colburn j-modulus = h/MC>p(Np,)*/:, dimensionless 

k = thermal conductivity, Btu/ft hr F - 

L = test section length, ft 

M = weight flow per unit area, lb/sec sq ft 

Nusselt number = hD/k, dimensionless 

Np, = Prandtl number Cpyu/k, dimensionless 

Nre = Reynolds number = 4G/xgDu, dimensionless" 

P = pressure, absolute, lb/sq in. - 

AP = pressure drop across the length of the test section, 
lb/sq in. 

a = average outside surface temperature of the test section 

i = average inside surface temperature of the test section 
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ly = average bulk temperature of the acid 
“4 Or wy = viscosity evaluated at the bulk temperature lb hr/sq ft 


Bi = viscosity evaluated at the average inner surface 
temperature of the test section te, 
= specific weight, lb/cu ft 
p = density, g/cc or slug/cu ft 
Introduction 


and fluid 
friction characteristics of white fuming (98 per cent 


N INVESTIGATION of the heat transfer 
HNOs, 0.5 per cent NOs, 1.5 per cent H.O hereafter abbre- 
viated WFNA) and red fuming nitric acid (type 3, 80-83.5 
per cent HNOs, 15 + 1 per cent NOs, 3 per cent H,0, plus 
HF inhibitor, hereafter abbreviated RFNA) has been con- 
ducted at the Jet aie pray Center, Purdue University, 
under the sponsorship of the National Advisory Committee 
for Aeronautics. The early investigations on WFNA, were 


reported in (1 and 2)4and summarized in Jer PROPULSION (3). 


Since that time the investigation of WFNA has been con- 
tinued and extended. In particular, the role of ‘‘scale’’ 
formation has been investigated systematically. In addi- 
tion, because of interest in RFNA, an investigation was con- 
ducted with HF-inhibited RFNA over a limited range of 
variables. The investigation was conducted in two flow 
systems: a recirculatory system and a single pass system. 
The ranges of the variables investigated in the two systems 
are presented in Table 1 


Apparatus and Instrumentation 


_ The recirculatory system, shown in Fig. 1, has been 

described in detail in (1 and 2). Some minor modifications 
- were made to the recirculatory system during the series of 
experiments described in this paper. The chief modifications 
were (a) the rebuilding of the pump packing gland and 


§ impeller so that higher system pressures and test section 


inlet temperatures could be achieved and (b) the capacitance 
welding (instead of silver soldering) of the thermocouples to 
the test section so that higher surface temperatures could be 
attained. 

Fig. 2 is a schematic diagram of the single pass system 
employed for investigating larger heat fluxes than those 
attainable with the recirculatory system. The diameter and 
length of the test section employed with the single pass sys- 
tem were smaller than those for the test section employed 
with the recirculatory system: °/s-in. diam compared to 


q ‘Table 1 Ranges of variables in recirculatory and single pass systems 
7 
———Recirculatory system——— gle pass system——-——-—. 
WFNA 
Reported in Current RFNA, 14% NOs, 
wae. Variable aa (2 and 3) investigation WENA 0.5% HF 
Reynolds modulus 55 , 000-220 , 000 38, 000-318 , 000 232 , 000-524 , 000 42, 000-210, 000 
Heat flux density, Btu/see sq in. 0.13-1.4 0.11-2.2 0.86-5.13 0.34-1.88 
Inlet bulk temperature 51-137 47-160 33-69 25-95 
Inlet pressure, psia 64-165 65-315 495-710 90-615 
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FIG.1 SCHEMATIC DIAGRAM OF THE RECIRCULATORY SYSTEM 


Fig. 1 Schematic diagram of the recirculatory system 


FIG.2 SCHEMATIC DIAGRAM OF THE SINGLE-PASS SYSTEM 


Fig. 2 Schematic diagram of the single pass system 


5/s-in. diam, and 16 in. long compared to 24 in. The surface 
temperatures of the test section, the bulk temperatures of 
the acid, and the differential pressure measurements were 
recorded on automatic self-balancing potentiometers. The 
other pertinent measurements were made in the same man- 
ner as those for the recirculatory system (1, 4). 

After calibrating the instruments and thermocouples, the 
over-all performance of the complete single pass system was 
investigated by measuring the convective heat transfer coef- 
ficients for deionized water. As in the case of a similar cali- 
bration of the recirculatory system, the results were in good 
agreement with published values. 

Thermal equilibrium was established in the single pass sys- 
tem when operated with either deionized water or WFNA 
in less than 50 sec regardless of the flow rate or electrical 
energy input; the shortest run at the highest flow rate was 
3.5 min. Equilibrium was considered established when all 
of the surface temperatures of the test section, as indicated 
by the multipoint recording potentiometer, were identical 
for two successive printing cycles of the potentiometer. 


Results 


Heat Balance 


The heat energy absorbed by the acid was determined by 
two different methods: (a) the electrical input to the test 
section, which was measured by a wattmeter, denoted by 
qe and (b) the energy absorbed by the acid, denoted by 
gaz, 28 calculated from the acid flow rate G, the specific heat 
Cp, and the average bulk temperature rise of the acid ( — 
i); thus ga: = Gep (fe — hh). In the ideal case ge = qar. 
Because of est losses from the test section and also electri- 
cal losses due to electrical conduction through the acid, the 

value of ge and qa; differed from each other. 

Preliminary experiments conducted with deionized water 
gave V mens of gar and q. that had a maximum deviation of 


nat had a maximum 


+3.5 per cent. The good agreement may be attributed to 
the fact that the physical properties of deionized water are 
known accurately and there were no losses due to electrical 
conduction through the water. In view of the fact that the 
electrical input to the test section can be measured with 
great accuracy, the results obtained indicate the flow rate G 
and the average inlet and outlet bulk temperatures /, and ?, 
were measured accurately. Figs. 3 and 4 present heat bal- 
ance measurements obtained with WFNA and RFNA, 
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Fig. 3 Heat balance for WFNA, recirculatory and single pass 
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Fig. 4 Heat balance for RFNA, single pass system 


The curves show that the heat energy absorbed by either the 
WFNA or the RFNA, gaz, is consistently smaller than the 
electrical input energy ge. The afore-mentioned discrepancies 
between ga; and gq, may be explained as resulting from (a) 
inaccuracies in the values used for the physical properties 
of the fluid, especially the specific heat cp, and (b) conduction 
of electrical current through the acid; experiments demon- 
strated that the heat losses through the insulation surround- 
ing the test section and mixing chambers are negligible (2). 

The average deviation for the heat balances for WFNA 
and RFNA from the ideal case was —9 per cent and may be 
partly attributed to both of the factors (a) and (b). It was 
not possible to measure the magnitudes of each of these 
factors. The heat transfer coefficients were, therefore, 
‘alculated on the basis that the electrical input to the test 
section g- was equal to the heat added to the fluid flowing 
through it. 


Temperature Distribution in the Test Section 


Fig. 5 presents typical curves of (a) the outside surface 
temperature of the test section 7, (b) the calculated inside 
surface temperature 7;, and (c) the assumed linear variation 
of the bulk temperature of the acid 7,—as functions of the 
length of the test section measured from the test section 
inlet. The results shown in Fig. 5 are for measurements 
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Fig. 5 Test section temperature profile for WFNA without 
scale, run 4.23 
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Fig. 6 Test section temperature profile for RFNA with severe 
localized scale, run 15.12 


made when the test section was free from deposits or scale. 

Fig. 6 presents i, i, and 2, as functions of the length of the 
test section for an experiment with RFNA (14 per cent NO») 
containing 0.5 per cent HF as a corrosion inhibitor. It is 
apparent from the figure that the temperature distribution 
was severely nonuniform, a condition attributed to non- 
uniformity of the deposits on the inside surface of the test 
section. Because of the nonuniformity in the distribution 
curve for i, the calculated values of 2; and the values of the 
heat transfer coefficient are subject to considerable uncer- 
tainty. 


Scale or Deposit Formation 


Throughout the experimental program the formation of 
scale or deposits on the inside of the test section was a per- 
turbing problem; the decrease in the heat transfer coefficient 
due to scale formation was reported in (3). In the first 
series of test runs undertaken in this investigation with 
WFNA having a NO, content of 3.0 to 3.5 per cent (by 
Weight), it was found that the heat transfer coefficient did not 
decrease, indicating that scale did not form. With WFNA 
of normal composition, 0.5 to 1.5 per cent NO», however, it 
was frequently necessary to flush the test section with water 
to avoid excessive scale formation on the inner surface of the 
test section. Visual observation, employing a borescope, of 
the deposits formed by the WFNA, indicated that they were 
sensibly uniform in appearance over the length of the test 
section. No attempt was made to determine the analysis of 
the deposits formed in the experiments with WFNA. It has 
been noted by other investigators that considerable metallic 
salts are dissolved in the WFNA, primarily Al(NO;); and 
Fe(NO;)3; and that these salts are probably the dominant 
salts in the deposits on the heat transfer surface. Since the 
afore-mentioned nitrates are water soluble, the fact that water 
removed the deposits formed during the subject experiments 
tends to support the above observation. A possible ex- 
planation for the formation of the deposits is the effect of a 
hot wall on the solubility of the dissolved metallic salts. 
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and Si 1.0%. 


The rate at which deposits formed in the experiments with 
inhibited RFNA (containing 0.5 per cent HF) was much 
more rapid than in the case of WFNA. Moreover, the de- 
posits formed with inhibited RFNA could not be removed by 
flushing the test section with water. It is suggested that the 
nonuniformity observed in the temperature ‘ distribution 
shown in Fig. 6 may be due to pieces of the heavy deposits 
breaking away from the test section wall. 

An attempt was made to ascertain the chemical composi- 
tion of the scale formed in the RFNA tests using both x-ray 
diffraction and x-ray fluorescent techniques. The analyses 
were performed under the direction of H. T. Yearian, Physics 
Department, Purdue University. The use of the x-ray 
diffraction did not result in the identification of any particular 
salts in the deposit. The x-ray fluorescent analysis revealed 
the presence of all of the metals contained in the alloys 
employed for constructing the flow system—cobalt, nickel, 
iron, tungsten, chromium—except aluminum. In order to 
gain an insight into the composition of the deposit, it was 
compared with the composition of the test section material 
(Haynes Alloy 25)° by comparing the strength of the ka 


- emission lines from the deposit with those from the Haynes 


Alloy 25. The approximate relative amounts in the deposit 


are 
1.0 
-Chromium............ up 2.0 
up 1.5 
Iron. . up 9.0 


The results from the x-ray diffraction and fluorescent analyses 
are not conclusive. 

In studies of the passivation of the surface of aluminum 
containers by HF-inhibited FNA, it has been established 
that the protection of the surface is due to the formation of an 
insoluble aluminum-fluoride compound on the surface of the 
metal. The nature of the passivation of stainless steel 
alloys is, however, not definitely established (6). Whether 
or not the deposit formed in the heat transfer test section 
passivates the surface is not established; the important 
observation is that the deposit forms so rapidly as to con- 
stitute a very severe handicap to the regenerative cooling of a 
rocket motor with inhibited RFNA, if it is to operate for a 
relatively long period, 3 or 4 min, or for repeated periods. 


Heat Transfer Results 


White Fuming Nitric Acid: Fig. 7 presents the modified 
Colburn j-modulus as a function of the Reynolds number 
for WFNA. The figure presents the results of the heat 
transfer experiments for both clean and scaled tubes. 
The data obtained with the recirculatory system and 
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Fig. 7 Heat transfer results for WFNA in forced convection (all 
data recorded) with physical properties evaluated at the average 
bulk temperature 


6’ The composition of Haynes Stellite 25 is approximately Co 
50%, Cr 20%, W 15%, Ni 10%, C 0.15%, Fe 2.0%, Mn 1.5%, 
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with the single pass system are indicated in the figure. 


Fig. 8 presents the heat transfer results for WFNA when | | | | time 
The clean tube data were =< ———————— = 


the test section was “clean.” 
established by utilizing a low heat flux check run before and — 
after each series of three runs. If the check runs were 
identical, the data were reported as clean tube results. If 
the check runs were not identical, the system was flushed 
with water and the test runs were repeated. The “clean 
tube’’ results are correlated with an average deviation of 

+10 per cent by , 
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Fig. 8 Heat transfer results for WFNA in forced convection pre- 
senting ‘‘clean tube’’ data only; physical properties evaluated at 
the average bulk temperature 


All physical properties are evaluated at the average bulk 
temperature of the WFNA. The physical properties are 
taken from (2, 3, and 7). There was variation in the acid 
composition in all of the test runs, which undoubtedly con- 
tributed to the scatter of the results. It is interesting to 
note, however, that change in the composition during a series 
of runs with the same acid was less than the variation in the 
acid as received from the manufacturer. The maximum 
variation in acid composition was obtained in a series of 19 
experiments with the same acid; the composition of the 
WENA varied as follows: 


es. 


NO; 
H;0 
HNO; 


Wis 


Since the physical property variations with composition 
are not accurately known the variation in composition was 
always neglected. 

The coefficient in Equation [1] is 25 per cent higher than 
that recommended in (2 and 3); the latter was recommended 
as a conservative value since the effect of scale had not been 
established. 

The “clean tube” results are correlated equally well by the 
Sieder and Tate equation 


0.14 
j = 0.027 Nm [2] 


i 


the viscosity of the WFNA at the average bulk tem- 
perature of the WFNA 

i; = the viscosity of the WFNA at the average inner surface 

temperature of the test section. 


All physical properties in Equation [2], except u; are evalu- 
ated at the bulk temperature. Equation [2] was recom- 
mended by E. Ashley for correlating the results of his in- 
vestigation with WFNA in an annular test section (5). 

Effect of Inlet Pressure. Several series of heat transfer 
experiments were conducted at inlet pressures of 65, 115, 
165, 215, 265, and 315 psia with a constant WFNA inlet 
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Fig. 9 Heat transfer results for WFNA in forced convection 
presenting ‘‘clean tube’’data for system pressures of 65 to 315 psia 
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Fig.10 Heat transfer results for WFNA in forced convection ina 
‘clean tube’’ showing the effect of inlet temperature 


temperature of 50 F. The results are presented in Fig. 9. 
All of the results shown in Fig. 9 were obtained in the 
recirculatory system. There is no systematic trend 
indicating that the static pressure of the WFNA has a 
significant effect on the heat transfer, even though all but 
2 points in Fig. 9 are higher than the correlating equation 
established at 65 psia. All of the pressure tests were con- 
ducted under clean tube conditions. 

Effect of Inlet Temperature: Fig. 10 illustrates the 
effect of the bulk temperature of the WFNA at the inlet 
to the test section upon the heat transfer to the WFNA 
for the case where the test section could be considered 
to be in the “clean tube” condition. The data were 
obtained with two different inlet bulk temperatures, 50 
and 139 F, and the experiments were conducted with the 
recirculatory system. It is seen from Fig. 10 that the 
89 F difference in the inlet bulk temperature decreased 
the coefficient in Equation [1] from 0.30 to 0.28. The test 
runs with the inlet temperature of 139 F were conducted at a 
pressure of 115 psia. 

When the results of the temperature investigations are 
correlated by the Sieder and Tate equation (Equation [2]) 
it appears that the average inlet bulk temperature of the 
WENA has no influence on the correlation, at least for the 
inlet temperatures of 50 and 139 F. 

Red Fuming Nitric Acid: The only physical property 
data reported in the literature for RFNA are the viscosity 
and density system of HNO;3, NOz, and (8). Since 
no data on specific heat and thermal conductivity could be 
found, the values of specific heat and thermal conductivity 
determined for WFNA at Purdue University (7) were 
employed for RFNA. 

Fig. 11 presents the Colburn j-modulus as a function of the 
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Fig. 11 Heat transfer results for RFNA in forced convection at 
inlet temperatures of 35 to 90 F 


Reynolds number for the RFNA investigation. It is appar- 
ent that the results do not correlate. The lack of correlation 
is attributed to the rapid and severe scaling of the inside 
surface of the test section in all of the RFNA experiments. 
The three points in Fig. 11 indicated by the dash are ‘‘clean 
tube’ points; that is, these were the first results obtained 
with new test sections. The line in Fig. 11 represents the 
equation 7 = 0.030 Ng °?. It appears probable that 
“clean tube” results would be correlated by this equation. 


Effect of Deposits on Heat Transfer Characteristics 


An investigation was conducted on WFNA and RFNA 
with the objective of determining the rate at which the 
deposits were formed, as indicated by the decrease of the 
Colburn j-modulus. The investigation with WFNA was 
conducted in the recirculatory system and also in the single 
pass system. The investigation with the RFNA was con- 
ducted in the single pass system. 

Fig. 12 presents the Colburn j-modulus for WFNA as a 
function of time (recirculatory system) and shows the effect 
of the deposits. Ata Reynolds number of 150,000, the outside 
tube temperature 7, was held constant at 300 F. As deposits 
were formed it became necessary to reduce the heat flux 
density in order to maintain the constant value of %. The 
Colburn j-modulus decreased 40 per cent after 100 min of 
running and the heat flux density had to be reduced from 
0.83 to 0.53 Btu/see sq in. - 


CONSTANT TUBE SURFACE TEMPERATURE - 300 F 


DECREASING HEAT FLUX-0.83 TO O53 B/in@sec 


REYNOLOS NUMBER - 150,000 


TIME IN MINUTES 


Fig. 12 The effect of deposits on the Colburn j-modulus for 
WFNA as a function of time; recirculatory system; runs 9.90 to 
9.95 


Fig. 13 presents the same type of information for WFNA 
from experiments conducted in the single pass system. 
Because of the limited supply tank capacity, the flow rate 
id electrical energy were held constant and the outside 
temperature 7 was allowed to increase as deposits were 
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Fig. 13 The effect of deposits on the Colburn j-modulus for 
WFNA as a function of time; single pass system; runs 18.01 to 
18.04 


formed on the inside wall of the test section. The results 
indicate that in a single 14.5-min run at the heat flux density 
of 0.6 Btu/sq in. sec and a Reynolds number of 62,000 there 
was no decrease in the Colburn j-modules. When the heat 
flux density was increased to 1.8 Btu/sq in. see and the Reyn- 
olds number to 250,000, the Colburn j-modulus decreased by 
5 per cent in a period of 15 min. In the test at the higher 
Reynolds number (higher flow rate) it was necessary to make 
three ‘‘passes’’ to achieve the total running time of 15 min. 
Consequently, the test section was “reverse flushed” twice 
with acid, since the acid was forced from the receiver tanks 
back into the reservoir tank through the flow system and 
had probably removed some of the deposit. 

Figs. 12 and 13 indicate that for a regeneratively cooled 
rocket motor which employs WFNA as a coolant the deposits 
formed during the heat transfer process do not affect the heat 
transfer significantly if the total operating time for the rocket 
motor is less than 15 min. - If the same motor is to be used 
several times, as in an assisted take-off application, it would 
be advisable to remove the deposits periodically. 
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| 
20 
z= 30 pe Fig. 14 presents the results of experiments concerning the 
+ : a effect of scale formed in the case of RFNA with 14 per cent 
hed a “2 4 NO» and 0.5 per cent HF. The experiments with the in- 

0 © 203040 80607000010 += hibited RFNA were conducted in the same manner as the 


experiments with WFNA in the single pass system. With a 
constant heat flux density of 0.6 Btu/sec sq in. and a Reynolds 
number of 113,000, the Colburn j-modulus decreased 55 per 
cent during a 7-min period of operation. When the heat 
flux density was raised to 1.8 Btu/sec sq in. and the Reynolds 
number to 195,000, the Colburn j-modulus decreased 32 per 
cent in 12 min of operation. The reason for the rather surpris- 
ing reduced rate of scaling at the high heat flux was not 
determined. Two possible explanations are: (a) The threefold 
increase in velocity in the high heat flux run caused pieces 
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of the deposits to break away from the wall, or (b) the “‘re- 
verse flushing” necessitated by the higher flow rate dissolved 
some of the deposits in the RFNA. 


temperature 7, was noticed almost immediately after the 
electrical energy was supplied to the test section. In the case 
of RFNA, the deposits were not soluble in water and con- 
sequently it was necessary to mechanically clean the test 
section between runs. Because of these deposits and the 
difficulty associated with removing them, the heat flux 
density below which no deposits are formed was not deter-— 
mined, assuming such a condition exists. ; 


a The Pressure Drop Due to Fluid Friction 


The isothermal pressure drop due to fluid friction for 
WFNA is presented in Fig. 15 where the isothermal Fanning 
friction coefficient fiso is plotted as a function of Reynolds 
number; the fluid properties are evaluated at the average 
bulk temperature %. The solid line in Fig. 15 represents the 
experimental data reported by L. F. Moody for smooth tubes 
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Fig. 15 Isothermal Fanning friction coefficient for WFNA 
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Fig. 16 The relationship between the ratio of isothermal to non- 
isothermal Fanning friction coefficient and viscosity ratio for 
‘clean tube’? WFNA data 


The equation relating the isothermal and nonisothermal 
pressure drop data at the same Reynolds number for the 
“clean tube”’ results is 


Fig. 16 presents the experimentally determined values of the 
ratio fiso/fnou-iso aS a function of the viscosity ratio p/p. 
It can be seen that Equation [3] correlates the results satis- 
factorily although some of the points deviate by +10 per cent. 

Fig. 17 presents the Fanning friction coefficient for RFNA 
as a function of Reynolds number for both the isothermal 
and nonisothermal case. The isothermal data are correlated 
satisfactorily by curve A. The results of (9) are presented 
for comparison. The isothermal experiments were per- 
formed in an initially clean test section with RFNA with an 
average bulk temperature of 35 F. Consequently, it is 
believed that only a small amount of scale was formed and the 
isothermal results are considered ‘‘clean tube’’ results. 

It was not possible to correlate the results of the non- 
isothermal investigation for RFNA. Experiments with a 
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In all of the experiments © 
with RFNA, the effect of scale upon the outside tube surface — 
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Fig. 17 Comparison of isothermal and nonisothermal Fanning 


friction coefficients for RFNA 


number of fluids have shown that the nonisothermal friction 
factor is always smaller than the isothermal friction factor 
for the same conditions of surface roughness. The points 
labeled 1 and 2 in Fig. 17 are considered “clean tube’’ data 
and they fall below the isothermal results. Almost all of the 
other nonisothermal friction coefficients are higher than the 
isothermal coefficients. The larger values of the friction 
coefficient for the nonisothermal experiments for RFNA 
are attributed to the increased surface roughness due to the 


deposits on the inside wall of the test section. ia ; 
Conclusions 


The main conclusions drawn from the experimental in- 
vestigation of the heat transfer characteristics of WIFNA 
and RFNA in forced convection in horizontal tubes are: 

1 The heat transfer results for WFNA over a Reynolds 
number range from 57,000 to 440,000 and with heat flux 
densities ranging from 0.11 to 4.6 Btu/sec sq in. can be corre- 
lated with an average deviation of +10 per cent by the 


equation 


j = 0.030 


where all sical properties of the WENA are eV 
at the average bulk temperature. 

2 Increasing the inlet temperature of the WFNA from 
50 to 130 F resulted in a decrease in the coefficient in the 
above equation from 0.030 to 0.028. If the Sieder and Tate 
equation is used for correlating the heat transfer results, no 
correction for inlet temperature is required. 

3 Increasing the inlet pressure of the WF NA from 65 psia 
to 315 psia has no effect upon the heat transfer. 

4 In runs of short duration with WFNA (less than 15 
min) and moderate heat flux densities (less than 1.8 Btu, sec 
sq in.), scaling of the test section does not appear to be a 
serious problem. At a heat flux density of 1.8 Btu/sq in. sec 
and a Reynolds number of 250,000, the reduction in the heat 
transfer coefficient was 5 per cent. In another experiment 
with an average heat flux density of 0.68 Btu/sq in. sec and a 
Reynolds number of 150,000, the decrease in heat transfer 
coefficient in 15 min was about 15 per cent. The decrease in 
heat transfer coefficient increased with operating time and 
with heat flux density. The deposition rate appears to be a 
function of acid composition, heat flux density, bulk tempera- 
ture, and Reynolds number. 

5 In the case of RFNA (14 per cent NO., 0.5 per cent 
HF), the rate of scaling was so rapid that very few ‘clean 
tube” data could be obtained. These few data indicated 


that the standard correlation ] 


= 0.030 
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This report presents Mollier charts for the decomposi- 
tion products of hydrogen peroxide-water mixtures at 
weight concentrations of 70, 80, and 90 per cent. The 
Appendix deals with methods used to relate decomposition 
products of hydrogen peroxide as a heterogeneous system 
to data published by the Bureau of Mines. 


Nomenclature 
( = concentration by weight of hydrogen peroxide 
¢> = specific heat at constant pressure 
h = specific enthalpy 
Sh = available energy (or change in specific enthalpy in an 


expansion process) 
AH, = heat of formation 


Is) = specific impulse 

J = mechanical equivalent of heat 
n = mols 

P = pressure 

R = specific gas constant 
8 = specific entropy 

= temperature 

u = velocity 

v = specific volume | 

= volume 

W = weight 


= water vapor quality (ratio of —e of water vapor to 
total weight of water) | 
4 = increment or difference 


Subscripts 

¢ = conditions in reaction chamber 
¢ = exhaust conditions 

0=atOK 

p = propellant 


Introduction 


HE Bureau of Aeronautics, in cooperation with the 

Office of Naval Research, has been sponsoring a project 
at the Bureau of Mines for calculation of the composition 
and thermodynamic properties of rocket propellant combus- 
tion gases. The resulting tables of thermodynamic proper- 
ties are potentially of great value to the rocket field. How- 
ever, they are not in a form that can be used readily for 
rocket. propellant performance calculations. In order to 
make tabulated data of this type more useful, NARTS has 
initiated a program to plot the data in Mollier chart form. 
Two factors are included to facilitate use of the charts. These 
are total heat content of the entering propellants (liquid 
phase) over a temperature range of —40 to + 80 C and total 
heat content of the propellants at 0 K. 

Received Dee. 13, 1955. 

' Permission granted by the Power Branch, Office of Naval 
Research, to use thermodynamic data computed by the Bureau of 
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This project, authorized under BuAer Project TED- 
ARTS-SI-505.6, will be conducted on a continuing basis as 
thermodynamic data are received. This first report deals 
with Mollier charts for the decomposition of 70, 80, and 90 
per cent concentration by weight of hydrogen peroxide. 


Significance of the Mollier Chart 


A Mollier chart is a plot of state points of a fluid under 
equilibrium conditions. Parametric curves of pressure, 
temperature, and molecular weight are plotted on a grid of 
specific enthalpy (heat content) versus specific entropy. 
Provided is a rapid and simple technique for finding the 
energy available for conversion to kinetic energy in a given 
expansion process. In rocket performance calculations, 
specific impulse may be determined from the square root of 
the available energy in accordance with Bernoulli’s theorem. 


Ah =h,. — h, = u?/2gJ 
and since /,, = u/g 
Ah = 
Substituting consistent values for g and J, we have 


= 300 Ah, ft/sec 


I,, = 9.33 V/ Ah, sec 


where Ajd is in units of cal/gm. 

The ideal velocity and specifie impulse of a propell: ant are 
determined by finding the enthalpy difference along a constant 
entropy path between the reaction pressure and the exhaust 
pressure, and by applying the appropriate equations as 
shown above. Initial enthalpy, determined by the tempera- 
ture of the entering fluid(s), is found from the grid in the 
upper left-hand corner of the chart. 


Mollier Chart Construction 


In (1),4 thermodynamic properties of decomposition prod- 
ucts of hydrogen peroxide are based on a homogeneous 
system; that is, the water and oxygen products of reaction 
are treated as a single phase (gas) system. The data thus 
derived are only accurate in areas of high temperature and 
low pressure. Ref. (2), which deals with a heterogeneous 
system, does not present data in the region of interest of the 
Mollier charts. To permit broader application of the Mollier 
charts and for specific use in rocket work, it becomes neces- 
sary to consider water in the vapor and liquid state. 

From (1), the pressure and temperature lines (shown in 
Table 1) as functions of enthalpy and entropy were checked 
and found to be homogeneous (gaseous) in nature and were, 
therefore, used in the preparation of the Mollier charts. 

The Bureau of Mines’ calculations are based upon the 
These cal- 
values of the thermodynamic properties of 
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the constituent gases recommended by the National Bureau 
of Standards (6). Specific enthalpy values were determined 
relative to the elements in their standard stateatO K. Physi- 
cal properties of hydrogen peroxide and water have been 
taken from published tables (7 and 8). 

Quality lines were calculated by the method given in I 
of the Appendix. Temperature lines. eovering the super- 
heated steam region were computed according to the method 
given in the Appendix, II. 

The pressure lines drawn from (1) as a function of enthalpy 
and entropy were checked for agreement with the calculated 
temperature lines by selecting a state point (7’ and P) from 
the chart and independently computing the entropy. The 
method of calculation is shown in III of the Appendix. 

At higher pressures, solubility of oxygen in water and 
deviations of oxygen from perfect gas theory were checked 
and found to be negligible. 


Data were extended into pressure regions lower than 100 
psia by means of the relationship 


dh += Tds + vdP 
which, by means of perfect gas theory, reduces to 7 3 
As = — R1n(P:/P,) for T = const lig) 
and 
As = cp In (T:/7;) for P = const 


Total Heat of Unburned Propellants as a F unction 
of Propellant Temperature 


The Mollier chart must present information on the total 
heat of unburned propellants as a function of propellant 
temperature. This provides the means for locating the state 
of the gases after decomposition and prior to expansion. The 
following steps were used to derive these data: 


1 The total heat of the unburned propellants at 65 F 
(18.3 C) are listed in Table 2 of (1) as the specific enthalpy 


Table 1 Pressure and temperature lines as functions of 
enthalpy and entropy 
Concentra- 
tion by 
weight of Temperature Pressure 
H:O2, % (°K) lines (psia) lines 
90 500,! 550,1 600 to 100 to 500. in 50 
1100 in 100 i incre- increments; 500 
ments. to 1500 in 100 | 
; to 3000 in 500 
increments 
80 none : same as above 
70 none ve} same as above 
1 Required slight modification at the higher pressures. 


of 18.3 C, it is merely necessary to compute the change in 
enthalpy over the desired propellant temperature range, 
—40 to +80 C. The change in enthalpy was found from 
the relationship 


Ah = ¢,(T, — 18.3) 


Values of c, for hydrogen peroxide-water mixtures were avail- 
able in Fig. 3 of (9). 


Total Heat at 0 K 


_ At zero pressure and temperature, the enthalpy will be 
zero. The average total heat of the product gases will be the 
summation of partial molar heats of formation of the com- 
ponent gases at 0 K. The products of decomposition of 
hydrogen peroxide-water mixtures yield H,O and Oy. The 
heat of formation for O, at 0 K is zero. Therefore, the total 
heat content of the decomposed gases at 0 K becomes : 


corresponding to the flame temperature. The enthalpy values 
a and found to agree with propellant entry in the with (see Ref. 6) 7 _ 
liquid phase 
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APPENDIX 32 F liquid state, to a zero base at 0 K gaseous state, for use ’ 


with the data of (6) and in these Mollier charts. 

3 Ina mixture of decomposed products the total volume 
occupied by the individual constituents must be equal, i.e., 
= Vo,._ It follows that 

| Assume a value for temperature 7 and quality X. WH,0 

2 For the selected value of 7 and X and from (10), to, = vH,0 X 
determine the vapor pressure (or partial pressure) Poo, the 
specific enthalpy haeo, and the specific volume of 
water. The enthalpy value is modified from a zero base at : : Povo, = Ro, T 


I Procedure for Calculating the Saturation State or 
Wet Region (Development of Water Vapor Quality Lines) 


Wo. 
4 The equation of state for oxygen 
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is combined with item 3 to yield = 
Po, = ( ) 
WH,O/ 
5 The total pressure of the decomposed products is 


P = + Po, 


6 The specific enthalpy of oxygen ho, is found from 
and (6). 
7 Thespecific enthalpy of the mixture is 


WH,O 
h=h 


8 The state point is located on the Mollier chart from 
T, P,h,and X. 


T 


Il Procedure for Calculating Superheated Steam Region 


1 Assume a value of temperature 7 and partial pressure 
of water Px,0. 

2 From (10) find hu,o and vu,0. See comment on en- 
thalpy base value under I, item 2. 

3 Compute Po, from 


( 
I 
WH,O VHLO 
(For further information see I, items 3 and 4.) ¢ 
4 By addition P = + Po,. 


5 From T and (6) find ho,. 
6 By addition 


WHO Wo, 
h = hu,o | —— 
wH,o + Wo, Wo, + 


7 The state point is plotted on the Mollier chart from 
T, P, and h. 


I1f Check on the Pressure Lines of (1) as Used in the 
Construction of the Mollier Charts 


Pressure lines were plotted as a function of enthalpy and 
entropy from data in (1). Temperature lines as a function 
of pressure and enthalpy were calculated as described in parts 
I and II of the Appendix and superimposed upon the pres- 
sure lines. The temperature line data were checked for 
agreement with the pressure lines by computing entropy as 
described below: 

1 The following data for a particular point on the chart 
is known from the calculations for the temperature lines, 
that is 


Pao, 
oe 
2 From (6) find so, corresponding to 7 and 1 atm pres- 
sure. From perfect gas theory find the change in entropy 
from | atm to Po,; thus 


Po, 
Aso, = Ro, In — 


so that 
Aso, 


3 From (6) find su,o Em to T and 1 atm pres- 
sure. From (10) find 
Asu,o = SH,O (1 atm, T) — ; 


a 


7 
$H,0(P T) = 8H,0 (atm, 7) — Asu,o 


4 The specific entropy of the mixture at 7 and P (= 
Po, + Pu,o) becomes 


then 


: lines, and meee to be in close agreement. a 


Wo, WHO 
Wo, + WH,0 WHO + Wo, 


5 The value of entropy computed above, 8,040, 
was checked against the value from (1), used to plot pressure 
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Can You Contribute to New Developments 


in INSTRUMENTATION 
ina NEW FIELD 


with the Small Aircraft Engine Dept. 
of General Electric? 


The small size of the turbines designed and developed at the 
Small Aircraft Engine Dept. of G.E. poses unique problems 
in Instrumentation. The close tolerances, critical balance 
and other factors frequently require new applications or even 
new instruments to complete the testing programs. 


Only a thorough knowledge of laboratory experimentation 
instruments—including testing procedures and data record- 
ing systems—will enable you to collect and correlate the 
necessary information on air flow, flow velocity, temperature 
distribution, fuel consumption, stress, shock and vibration. 


There are openings now in two general areas: 


© Development of engine instrumentation 


© Application of instr ts to the testing 
of engine and engine components. 


The work is on an advanced level, where a man’s initiative 

and imagination are rewarded uickly. General Electric's 
benefits are comprehensive, and the New England location 

within ten miles of Boston—is ideal for family living. { 


Write in complete confidence to: ; 
Mr. T. 8. Woerz (Section R-A-6) { 


Small Aircraft Engine Dept. 
GENERAL @ ELECTRIC 
1000 Western Avenue West Lynn, Mass. 
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Technical Notes 


Significance of Quenching by Ports in 
Burning-Velocity Measurements by 
Bunsen Burner Methods' 


J. M. SINGER,? JOSEPH GRUMER,?’ and E. B. COOK? 


Bureau of Mines, U. S. Department of the Interior, 
Pittsburgh, Pa. 


Pa note presents a new experiment pertaining to the 
role of flame port diameters in burning velocity measure- 
ments by burner methods. Other researchers have stated 
that low burning velocity values are obtained on ports smaller 
than a critical size determined by the mixture composition, 
pressure, and temperature (1, 2, 3, 4, 5).4 A recent paper 
from this laboratory throws serious doubt on the accuracy 
of burner methods (6). A summary of that paper (7) has 
implied that we hold flame quenching at reduced pressures 
by ports to be insignificant. Rather, our viewpoint is that 
the effect of flame quenching by ports on burning velocities 
by the Bunsen burner method is frequently overestimated. 
Wohl (8) has pointed out that quenching in such measure- 
ments is unlikely over most of the flame, which is relatively 
far downstream and radially inward from the wall. We 
agree with Wohl and present the following experiment as 
substantiation. (Another mechanism, possibly that of 
flame cooling by the ambient atmosphere, should be con- 
sidered to explain low burning velocities obtained on small 
port burners.) 

Fig. 1 shows two photographs of an 0.8 stoichiometric meth- 
ane-air flame stabilized by a 1.0-cm-diam coil of 1-mm-OD 
stainless steel tubing, with and without water cooling. The 
coil was hot in the latter instance. Both photographs are 
practically identical, showing the absence of major quenching 
over most of the flame by the port. The coil has been il- 
luminated with a narrow beam of light to show the exact 
flame position with respect to it. A similar experiment 
with stoichiometric methane-air flames resulted in an in- 
crease in flame height of about 4 to 5 per cent when the glow- 
ing hot coil was water-cooled. The small increment in burn- 


Received Aug. 1, 1956. 

! This research is a part of the work being carried out at the 
Bureau of Mines on Project NA onr 25-47, NR 098 117, sup- 
ported by the Office of Naval Research through Project SQUID. 

2 Physical Chemist, Flame Research Section, Division of Ex- 
plosives Technology. 

8 Physical Chemist, Chief, Flame Research Section, Division 
of Explosives Technology. 

* Numbers in parentheses indicate References at end of paper. 
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(a) (b) 


Fig. 1. 0.8 stoichiometric methane-air flames stabilized on tub- 
ing coil, (a) with coil water-cooled, (b) without cooling 


ing velocity indicated by the change in flame height may well 
be the consequence of preheat of unburned gas by the glowing 
hot coil. 
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Determination of the Vibratory Character- 
istics of a 60° Delta wing at zero airspeed. 


Checking theoretical results against 
experimentally determined flutter 
characteristics. 


Wind tunnel tests on a multi-engine model y 
produced sudden, violent flutter. A half- 
mile per hour increase in air- speed de- 
stroyed this model in 1/10 second. 


 MAEROELASTICITY 


AT CORNELL AERONAUTICAL 
LABORATORY 


Our aeroelastic program is currently concerned with the 
_ transonic flutter of low aspect ratio wings, stall flutter of 
_ supersonic propellers operating at high angles of attack, and 
the dynamics of helicopter rotor blades. This program is a 
- continuation of more than ten years of creative research 
effort in the field of aeroelasticity. New facilities will per- 
_ mit the extension of experimentation into the high tem- 
perature, high supersonic field. 
; ‘The aeroelastic program is one of the many technical 
_ research programs currently in progress at C.A.L. We are 
now working on 160 different projects dealing with almost 
every area of research related to the challenging problems 
of modern flight. Electronics, materials, atmospheric physics, 
weapon systems, and applied mathematics are among the 
_ many stimulating areas of research available at C.A.L. for 
the professional man with an inquiring mind. 


@ cornett AERONAUTICAL 
LABORATORY, INC. 


OF CORNELL UNIVERSITY 


The story behind Cornell Aeronautical 
Laboratory and its contributions to aero- 
nautical progress is vividly told in a new 
68-page report, “A Decade of Research.” 
Whether you are interested in C.A.L. asa 
place to work or as a place to watch, you 
will find “A Decade of Research” both use- 
ful and pertinent. Mail in the coupon now 
for your free copy. 


OD Please send employment information. 


W. J. Diefenbach | 
| CORNELL AERONAUTICAL LABORATORY, INC. | 
| Buffalo 21, New York 

Please send me “A Decade of Research.” | 
| Nome | 
| 
| Street | 
| City Zone State | 
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could be used to predict the heat transfer characteristics 
provided that the surface was initially clean and the operating 
duration was less than 90 sec. 

6 In the experiments with RFNA, scale or deposits 
formed almost immediately; in a run of 12-min duration at a 
heat flux density of approximately 1.8 Btu/sq in. sec and a 
Reynolds number of approximately 195,000, the j-modulus 
decreased 33 per cent. With a lower heat flux density and 
Reynolds number—0.6 Btu/sq in. sec and 113,000, respec- 
tively—the scaling was even more rapid and severe, reducing 
the Colburn j-modulus 55 per cent in only 7 min. 

7 Isothermal friction coefficients were measured for 
WFNA over the range of Reynolds number from 38,000 to 
450,000 and for RFNA over the range of Reynolds number 
from 45,000 to 140,000. In all cases the isothermal friction 
coefficients are approximately 20 per cent higher than those 
presented by L. F. Moody for smooth tubes (9). 

8 Nonisothermal and isothermal friction factors for 
WENA may be correlated satisfactorily by the equation 


fiso 
Jnon-iso Ki 


9 The nonisothermal friction coefficients for RFNA 
could not be correlated because of the scatter, attributed to 
surface roughness caused by the scaling. 
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Thermal Probe 


EVELOPMENT of a free flight 

USAF research rocket that reaches 
nearly seven times the speed of sound 
in just two seconds was recently re- 
vealed by Curtiss-Wright Corp. and 
Wright Air Development Center. 

Designated HTV (Hypersonic Test 
Vehicle), the rocket is expected to be the 
precursor of a family of similar vehicles 
designed to gather data at hypersonic 
speeds. It is a two-stage solid propel- 
lant vehicle. The first stage is 5 ft long, 
9 inches in diameter, and has three 
laminated glass fiber stabilizer fins. It 
consists of seven rockets which ignite 
simultaneously. When these burn out, 
the first stage falls away. 

The ‘second stage consists of four 
WASP I rockets. It is 5 ft long, 6 in. 
in diameter, has four laminated glass 
fiber stabilizer fins, and is topped with a 
2-ft nose cone. The nose cone contains 
a magnetic tape recorder which charts 
such data as acceleration, temperatures, 
and pressures. 

The HTV is launched from a 16-ft 
portable launcher. About 6 see after 
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Alfred J. Zaehringer, American Rocket Company, Associate Editor 


the second-stage rockets burn out, the 
fins on the second stage are blown off by 
small charges within the vehicle causing 
the rocket to lose its stability and 
tumble to earth in a flat 100-mph spin. 

Fifteen experimental HTV’s have 
already been fired at ARDC’s Holloman 
Air Development Center, Alamogordo, 
N. Mex. Development of the rocket 
was begun in 1953 by Aerophysics De- 
velopment Corp. (which recently be- 
came a wholly owned subsidiary of 
Curtiss-Wright Corp.) in conjunction 
with WRDC’s Wright Air Development 
Center. 


Thermal Wedge 


NEW wedge in the thermal barrier 

might best describe National Car- 
bon Co.’s new research laboratories in 
Parma, Ohio. Recently dedicated, the 
multimillion dollar laboratories — will 
greatly expand parent company Union 
Carbide and Carbon Corp.’s research 
program in solid state physics (and 
closely allied chemical physics), electro- 
chemistry, carbon and graphite re- 
search, and development of high-tem- 
perature processes and refractory com- 
pounds. 

Of particular interest to the missile 
engineer will be the laboratories’ re- 
search of refractory materials of con- 
struction such as carbon, carbides, 
nitrides, borides, etc. The labs, for 
example, are equipped with facilities for 
the simultaneous application of high 
temperature (to 4000 C) and high pres- 
sure (to 50,000 psi). 

Extensive investigation is already 
underway on the properties of certain 
metal silicides that show promise as 
structural materials at temperatures 
above 1000 C. Goal is to find means of 
combining ductility and improved ther- 
mal shock resistance with the high- 
temperature strength of silicides, and to 
find new silicides with oxidation resist- 
ance comparable with that of molyb- 
denum disilicide. 

But this is only one aspect of the 
many-sided research program planned 
by National Carbon. Looking into the 
future, the company foresees the de- 
velopment of new materials for the 
metal, electronic, power, chemical, and 
electrochemical industries. And from 
these new materials, undoubtedly, will 
come the missile components for a ther- 
mal breakthrough. 


MISSILES 


EPUBLIC Aviation Corp. recently 
released details on a new two-stage 
high-altitude research rocket, the Terra- 
pin (see photo). 


The vehicle is about 


TERRAPIN: Low cost, high performance 


15 ft long and 6!/,; in. wide; it weighs 
224 Ib and uses a collapsible zero-length — 
launcher. On the maiden flight at— 
Wallops Island, Va., the first-stage solid 
propellant rocket motor carried the 
Terrapin to 10,000 ft in 6 see and sepa- 
rated. The vehicle rose to 30,000 ft and. 
then the second-stage motor cut in, 
carrying it to 50,000 ft at a maximum 
speed of Mach 5.8. The Terrapin then 
coasted to a peak altitude of about 80 
miles. 

The vehicle carried 6 lb of miniature 
instrumentation designed to record data 
on primary cosmic radiation, tempera- 
tures, acceleration, and rocket spin. At 
maximum velocity, reports Republic, 
the Terrapin experienced temperatures 
in excess of 1000 F. A _ third-stage 
rocket, now under development at 
Republic, is expected to push the 
vehicle to a peak altitude of 200 miles. 

Taking its name from the University 
of Maryland mascot, the Terrapin is the 
first of “several dozen”’ research vehicles 
to be produced by Republic for a De- 
partment of Defense upper atmosphere 
research project being carried out by a 
group of University of Maryland scien- 
tists headed by S. Fred Singer. 

Robert Melrose, general manager of 
Republic’s Guided Missiles Div., de- 
scribed the Terrapin as one of the cheap- 
est and most portable high performance 
rockets of its kind and said it cost only a 
fraction of earlier high-altitude vehicles, 
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If you have 

vision that hurdles 
known horizons, 
professional skills to 
take you there, and a 
driving discipline that teams 
the two. . . opportunities 

as limitless as space itself 
await you at Martin-Denver. 


We see you accepting the 
challenge of the ICBM, 
© Titan, in concert with an elite 
group of engineers. 


We see your faculties sharpened, 
your life lived more fully, in 
the Colorado Rockies. 


See for yourself . . . and 
write Emmett E. Hearn, 


eee 
eco Employment Director, 
ee Post Office Box 179, 
Dept. J-11, Denver 1, 
‘i Colorado. 


e Reaction Motors, Inc., recently com- 
pleted preparation of Viking power- 
plants for use in the flight test phase of 
Project Vanguard. A liquid propellant 
rocket with a rated thrust of 20,000 Ib, 
the unit will power a modified Martin 
Viking missile which will carry aloft the 
Vanguard’s third-stage solid rocket, first 
Vanguard propulsion unit to be tested. 
The flight test program will take place 
at the Air Force Missile Test Center near 
Cocoa, Fla., sometime before the launch- 
ing of the actual satellite. 

e Meanwhile, the first guidance refer- 
ence system for the Project Vanguard 
vehicles has come off the pilot produc- 
tion line at Minneapolis-Honeywell 
Regulator Co. 

e The Army was reported by various 
newspapers to have fired a test device 
hundreds of miles out over the Atlantic 
Ocean, from Patrick Air Force Base on 
Florida’s east coast, in the first long-° 
distance experiment of its Jupiter IRBM 
program. 

e In a recent radio interview, Lt. 
General James M. Gavin, Army deputy 
chief of staff for research and develop- 
ment, said he considers the Nike the 
world’s best surface-to-air missile, 
claimed it can destroy anything now fly- 
ing in an operational unit. Gen. Gavin 
added planes may be replaced by missiles 
for close support of ground troops. 

e A new surface-to-surface guided mis- 
sile, Lacrosse, is now in production at 
Martin Co.’s Baltimore facilities. De- 
veloped by Cornell Aeronautical Lab- 
oratory under Army Ordnance contract, 
the missile is designed for close support 
operation on the battlefield. Launcher 
is mounted on a standard army truck. 
e Design speed of Triton missile, de- 
veloped by Applied Physics Laboratory 
of Johns Hopkins University for Navy, 
is approximately Mach 2.5. Missile is 
about 45 ft long and 5 ft wide, weighs 


about 19,500 Ib. 
AIRCRAFT 


e Late in August, the rocket-powered 
Bell X-2, piloted by Capt. Iven Kin- 
cheloe, climbed to a record 126,000 ft. 
On Sept. 27, the experimental . craft, 
piloted this time by Capt. Milburn Apt, 
crashed ort its glide down after fuel 
burnout. Capt. Apt, on an indoctrina- 
tion flight, was killed when the main 
parachute on his escape capsule failed 
to open. 

e Another experimental airplane, the 
Douglas turbojet X-3, has been re- 
tired following almost four years of 
flight testing. The “flying stiletto,” 
equipped with 1200 lb of specialized 
instruments, gathered valuable tran- 
sonic and supersonic data used in the 
design of current jet fighters. Too, the 
X-3 project aided in the development of 
fabrication and construction techniques 
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Chrysler Assembles the Redstone 
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. flight of surface-to-surface ballistic missile is simulated inside wire shelter before 60-ft Redstone is disassembled for shipment. 
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REDSTONE PLANT, northeast of Detroit, was taken over by Chrysler when it entered Army project as prime contractor in 1952. 
if | 
‘ 
/ = 
| 
MISSILE NOSE cones are shown here ready for final assembly. COMPLETED WARHEAD is moved down line by 5-ton crane. ] 
at 
Q 
De- : © net 
de- FINISHED MISSILE, reportedly powered by North American LOX rocket engine of 65,000-lb thrust, has 200-300 mi range. 
ory 
CHECK-OUT: Air vane assembly (left) is vibrated at 5-2000 cps, forces up to 40g. Engineers (right) record data as... 
in 
he 
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AERODYNAMICISTS 


Honeywell’s Aeronautical Division, 
the largest manufacturer of auto- 
matic pilots and associated flight 
control equipment, is continuing its 
program of expansion and diversi- 
fication. 


@ Our aerodynamic analysis group 
currently has openings for qualified 
aeronautical engineers with back- 
ground and interest in aerodynamic 
analysis of closed loop systems and 
their relation to boundary layer con- 
trol, flutter, buffeting and inlet 
geometry control. 


@ These positions provide a variety 
of unusually interesting opportuni- 
ties as our equipment is already 
scheduled for a number of super- 
sonic aircraft and missiles, offering 
exceptional diversification in the 
aerodynamic field. 


CONSIDER 
THESE 


@ Minneapolis, the city of lakes and 
parks, offers you metropolitan living 
in a suburban atmosphere. No 
commuting. 


@ Your travel and family moving 
expenses paid. 


@ Salaries, insurance-pension pro- 
grams, plant and technical facilities 
are all first-rate. 


» 


WRITE TO US 


If you are interested in a permanent 
position with a sound, diversified 
growth company, call collect or send 
your résumé to Bruce Wood, Tech- 
Nical Director, Dept. T-13, Aero- 
nautical Division, 1433 Stinson 
Boulevard, N.E., Minneapolis 13. 


Honeywell 


AERONAUTICAL 
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for titanium which was used extensively 
throughout the aircraft. 

e A turbojet engine “of the type now 
used extensively in military aircraft,” 
reports Atomic Industrial Forum, Inc., 
has been powered in ground tests by a 
reactor at Arco, Idaho. Fifteen test 
reactors, says AIF, are either at work or 
planned for use in the aircraft nuclear 
propulsion program. 

e McDonnell F-101A Voodoo long- 
range fighter is scheduled to go into 
operational service early next year. 
Another McDonnell craft, the F3H-2N 
Demon, displays its two external fuel 
tanks and four interceptor rocket pack 
ages in an unusual photo below. 


e North American FJ-3 Furies are 
being used as chase aircraft for Regulus 
missiles at Navy’s Chincoteague (Va.) 
missile testing grounds. 

e Production of Douglas DC-8 jet 
transport moved forward recently with 


the milling of the first spar cap for the 
craft’s wing. Meanwhile, the wooden 
mock-up (see photo) of the transport 
continues to serve as a valuable three- 
dimensional model for engineering study. 


e Douglas’ twin-jet light bomber, the 
Destroyer, has been officially design:ted 
the B-66 by the Air Force. 
GOVERNMENT 
e The first comprehensive account of 
Federal organization for scientific activ- 
ities since 1947 was recently released by 
National Science Foundation. The re- 
port is titled “Organization of the Fed- 
eral Government for Scientific Activ- 
ities” and may be purchased from Super- 
intendent of Documents, U. S. Govern- 
ment Printing Office, Washington 235, 
D. C., for $1.75. 
e Thomas Wolfe of Pasadena, Calif., is 
the new Director for Requirements, 
Procurement and Distribution in the 
Office of Assistant Secretary of De- 
fense (Supply and Logistics). 
e Air Force is stepping up production 
of KC-135 jet tankers, hopes to hit rate 
of 20 per month shortly. 


Made in Japan 


Preparing for participation in the 
upcoming IGY program, a team of 
Japanese scientists headed by Tokyo 
University’s Hideo Itokawa (center, 
shading eyes) recently test-fired a new 
supersonic rocket. 

Designated Kappa 128 JT, the 


rocket is a prototype of the vehicle 
that the Japanese plan to use as the 
main stage of their proposed two- and 
three-stage IGY rockets. The Kappa | 
weighs 40 kilograms, has a 72-sec fly- 
ing time, and is said to be capable of 
reaching Mach 2.7. 
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Now from Clary! 


| at Anew Kind of solenoid valve | 
for guided missiles 


> 


America’s smallest, lightest, most reliable solenoid valve. 


Controls air, helium, nitrogen, LOX or corrosive liquids. with 
Bendix connector 10-63212-8P. 


EXCLUSIVE FEATURES 


v; 4 Zero leakage. Internal vent to 
atmosphere through controlled 
outlet prevents drawing mois- 
es i ture-laden or contaminated air 
into cavity of moving parts. 
Hermetically-sealed coil assures 
trouble-proof operation. Sole- 
noid may be rotated on valve 
body to place electrical connec- 
tor in most desirable location. 
This same Clary valve can be 
used for “normally open” or “‘nor- 
mally closed” service by simple 
mechanical rearrangement of 
the solenoid. 


bd / 
/ 
/ \ 
/ STANDARD \ 
/ VALVES * 


/ \ 
/ Rated Operating Pressure: \ 
/ 3000 PSI 


\ 
Voltage: 18-30 D.C. \ 
Connector: Bendix 10-63212-3P \ We are proud to announce a new complete line of 
Packing: AN “0” Rings \ solenoid valves to meet the most stringent environmental 
conditions encountered by guided missiles. Our years 
Thine | of experience in manufacturing guided missile 
Service Open components — gyroscopes, servo-actuators, propellant 
— | valves, telemetering transducers — now enable us to bring 
< = you solenoid valves built with the same precision. Our 
‘ 2-way 520030 520031 \ extensive inspection and quality control guarantee the 
, 3-way 520032 | 520033 \ maximum reliability required of missile components. 
H | 2way | $20034 | $2003 ; 
| | 3-way | 520036 | 520037 \ 
| %” | 2way | 520038 | 520039 \ F AUTOMATIC 
I %” Sway 520040 | 520041 | i CONTROLS 
Y,” 3-way 520044 520045 \ Clary Corporation, Dept. J116, 7 
%” | 2way | 520046 | 520047 | San Gabriel, California 
| %” 3.way 520048 520049 | 


*Modifications available to meet design requirements. ! 
| | 


MANUFACTURER OF BUSINESS MACHINES, ELECTRONIC DATA-HANDLING EQUIPMENT, AIRCRAFT AND MISSILE COMPONENTS 
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e As part of its Standardization Pro- 
gram, Department of Defense has pub- 
lished a Directory of FSC (Federal 
Supply Classification). The new Di- 
rectory assigns by number and title 
each specific commodity area to a cog- 
nizant military department, is available 
to all military contractors. 

e Navy recently presented _Dis- 
tinguished Public Service Award to 
John B. Hawley, Jr., president, and 
Garold A. Hane, executive vice-presi- 
dent, of Northern Ordnance, Inc. 
(Minneapolis), a plant credited by the 
Navy with development and production 
of the world’s first automatic stowage, 
handling, and launching system for 
guided missiles carried on board ships. 
The system is now installed on USS 
Boston and USS Canaberra to launch 
Terrier missiles. 

e Government has awarded a $1.7- 
million contract to newly formed In- 
stitute for Defense Analyses to per- 
form studies and prepare reports (on, 
among other things, effectiveness of 
various weapons systems) as directed by 
Weapons System Evaluation Group 
headed by Lt. General B. E. Anderson, 
USAF. 


COMPANIES 


e Norden-Ketay Corp., manufacturer 
of precision contro] instrumentation 
and systems, is moving its executive 
offices to Stamford, Conn., where it will 
also establish a central research labora- 
tory for missile work. The firm re- 
cently reported new missile work in 
excess of $5 million. 

e Westinghouse Electric Corp. (Pitts- 
burgh, Pa.) has been awarded an 
$18,335,305 government contract to 
furnish reactor compartment compo- 
nents for a nuclear-powered guided 
missile light cruiser (CLGN). 

e Garrett Corp.’s AiResearch Manu- 


In recent tests at Naval Ordnance 
Test Station (China Lake, Calif.), Air- 
craft Armaments, Inc. (Baltimore), 


Ground Gainer 
rocket sled hit 1300 mph in under 2.5 


sec. Power came from three 
propellant rocket motors. 


facturing Division (Los Angeles) wi 
furnish air conditioning and pressul 
ization systems for Boeing 707 jet air 
liners. 

e Kollsman Instrument Corp. (Elm 
hurst, N. Y.), manufacturer of fligh 
contro] and navigation instruments ani 
systems, expects its $35-million orde 
backlog to top $50 million by end of th 
year. 

e Aeronautical Div. of Minneapolis 
Honeywell Regulator Co. will suppl 
transistorized fuel-measuring system 
for Lockheed Electra and Boeing 70’ 
transports. 

e ACF Industries, Inc., has established 
a Missiles Group to coordinate the activ- 
ities of its many divisions in the field of 
missiles and related weapons systems 
Richard F. Wehrlin, president of ACF’ 
Avion Division, was named chairman. 
e Titanium Fabricators, Inc. (Burbank, 
Calif.), has received a $196,000 contract 
from Convair Div. of General Dynamics 
Corp. to produce machined titanium 
parts for Convair’s delta-wing, super- 
sonic F-106A. 

e Stauffer Chemical Co. will build a 
major titanium tetrachloride plant at 
Ashtabula, Ohio, to supply raw material 
for National Distillers Corp.’s new 
titanium sponge plant slated for 
that area. 

e National Electronics Corp. (Los 
Angeles), maker of miniature electric 
motors, transformers, electrical 
heating elements for missiles, has openec 
a third plant, in North Hollywood. 


e Cooper Development Corp. (Mon- 
rovia, Calif.), developer of rocket and 
missile systems, is planning a major 
facility expansion, says the firm, to 
accommodate demands for its ASP and 
WASP rocket vehicle systems and in- 
creased research and development ac- 
tivities. 


solid 


To the 
ENGINEER 
of high 
ability 


Through the 
efforts of engineers 
The Garrett Corporation 
has become a leader in many 
outstanding aircraft component 
and system fields, 
Among them are: 
air-conditioning 
pressurization 
transfer 
_ pneumatic valves and 
controls 
electronic computers 
controls 
turbomachinery 


The Garrett Corporation is also 
applying this engineering skill to the 
vitally important missile system 
fields, and has made important 
advances in prime engine 
development and in design of 
turbochargers and other 
industrial products. 
Our engineers work on the very 
frontiers of present day scientific 
knowledge. We need your creative 
talents and offer you the opportunity 
to progress by making full use of 
your scientific ability. Positions 
are now open for aerodynamicists 
... mechanical engineers 
... mathematicians... specialists in 
engineering mechanics... electrical 
engineers . . . electronics engineers. 
For further information regarding 
opportunities in the Los Angeles, 
Phoenix and New York areas, 
write today, including a resumé 
of your education and experience. 
, Address Mr. G. D. Bradley 
ORATIC 


9851 So. Sepulveda Blvd. 

Los Angeles 45, Calif. 
DIVISIONS 

AiResearch Manufacturing, 


Angeles 
AiResearch Manufacturing, 
oenix 
AiResearch Industrial 
Rex — Aero Engineering 
Airsupply — Air Cruisers 
AiResearch Aviation 
rvice 
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AIRSTREAM DIR 
with accuracy 


DIFFERENTIAL 
RE TYPE TRANSDUCERS 
uracy to 0.4% 


CENTRAL COMPUTER 
containing all necessary 
system mechanization of 
both electronic and 
methanical types 


PLUG-IN AMPLIFIER MOE 
utilizing either ¥ 


tube 


ENGINE PRESSURE RATIO INDICATING SYSTEM 
with aeturacy of 0.02 ratio units 


AiResearch makes transducers, computers and indicators of supe- 


Finer con iponents rior sensitivity and accuracy in all required parameters. These can 
_ be combined into systems that provide the air data you require and 

mean better convert it into any desired type of information or impulse. The 
es products shown in the above illustration indicate some of the 

- areas in which we are thoroughly experienced. If desired, we will 
alr data systems take complete system responsibility. We invite inquiries to meet the 


most rigid specifications. 


is Qualified engineers are needed now. Write for information. 
if 


THE CORPOR fr 


AiResearch Manufacturing Divisions 


Los Angeles 45, California * Phoenix, Arizona 


Designers and manufacturers of aircraft systems and COMPONENES: REFRIGERATION SYSTEMS * PNEUMATIC VALVES AND CONTROLS + TEMPERATURE CONTROLS 


CABIN: AIR COMPRESSORS * TURBINE MOTORS * GAS TURBINE ENGINES + CABIN PRESSURE CONTROLS * HEAT TRANSFER EQUIPMENT + ELECTRO-MECHANICAL EQUIPMENT + ELECTRONIC COMPUTERS AND CONTROLS 
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Lightweight aluminum Flow Pickups for 

flight or ground testing insert in propellant 

ducts of guided missiles. Flow rates from 20 

to 6000 gallons per minute are covered in 

sizes 4” through 11’! Output is suitable for 
telemetering or ground recording. 


LABORATORY 


FR series Pulse Rate Converters 
convert frequency output of any 
turbine flowmeter into a DC sig- 
nal. Models include cabinet or re- 
lay rack mounting, with outputs 
for potentiometer recorders or 
oscillographs. Available features include 

built-in indicator, and multiple input channels, 


AIRCRAFT 4 
a 


New, completely transistor- ay 
ized Airborne Fuel Measur- 
ing System with specific 
gravity adjustment provides 
direct indication of both fuel flow rate 
and total fuel consumed. Exclusive switch- 

type flow pickup gives interference-free 

operation in conditions of severe vibration. 


Standard FL series 


Flow Pickups for use in 
aircraft, chemical processing, 
food, and petroleum industries, measure flows 
from .065 to 400 gallons per minute. Applications 
include flow rate indication, recording, and control, as 

well as indication and control of totalized flow. 


fy COMPANY 
FLUID FLOW MEASURING EQUIPMENT 
7842 BURNET AVENUE, VAN NUYS, CALIFORNIA—STanley 3-1055 
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FOREIGN 

Australia: QUANTAS Empire Air- 
ways, Ltd., has ordered seven Boeing 
707 jet airliners. Delivery is sched- 
uled to start May 1959. 

England: On Sept. 17, the first 
American Corporal missile arrived in 
Britain for training and operational 
use. It is expected that guided mis- 
sile units equipped with the Corporal 
will eventually join Britain’s Army 
of the Rhine. 

e First Fairey Fireflash guided missiles 
are scheduled to reach RAF squadrons 
next month. They will serve as train- 
ing, not operational, weapons because 
there reportedly is a better air-to-air 
missile on its way. 

e Fighter Command Chief, Sir William 
Pike, was thought to be referring to the 
Saunders-Roe SR53 jet- and rocket- 
powered interceptor when he recently 
forecast the development of a fighter 
with a speed three times that of sound. 


e Bristol Aero-Engines recently  re- 
vealed that its Olympus BO1.6 has an 
“officially attributed” thrust of 16,000 
lb without reheat—the highest power 
yet announced for any British jet 
engine. They are now in quantity 
production for the four-jet Avro Vulcan 
bomber. 


France: Air France has ordered 13 
Lear advanced automatic flight con- 
trol systems for its Caravelle jet 
transports. 

Germany: On Sept. 5, Dr. Haas, 
West German Ambassador in Mos- 
cow, delivered a strong note protest- 
ing Russia’s refusal to permit his 
government to communicate with 
German missile technicians working 
in Russia. The note accused Russia 
of denying internationally recognized 
consular rights, of breaking the Soviet 
West German agreement on exchange 
of ambassadors, and of violating the 
U. N. Charter. Haas said the con- 
tracts under which the men (believed 
to number 45) had been working at 
Sukhumi, on the Black Sea, had ex- 
pired and several of the men wanted 
to return home. 

When asked about this matter pre- 
viously by British correspondent (Daily 
Telegraph) ‘Leonard Bertin, Leonid 
Sedov, head of the Russian Academy of 
Sciences’ committee on interplanetary 
flight and high altitude research, replied 
that to his personal knowledge there 
were no German scientists of graduate 
status working on rocket projects in 
Russia any more. It was not good sense, 
he said, to employ Germans on jobs that 
the Russians could do themselves. 

Pursuing the matter further, Mr. Ber- 
tin was told by Dr. Tromsdorf, one of 
Germany’s top ramjet theoreticians who 
had worked under contract with the 
Russians, that he did not know what 
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ratory has pioneered in the design and 
development of highly accurate missile 
guidance systems, utilizing the most ad- 
vanced types of gyroscopes, accelerometers 
and other precision electro-mechanical de- 
vices. These supply the reference informa- 
tion necessary to achieve the hitherto un- 
attainable target accuracies sought today. 


The eminent success of the early ‘‘Cor- 
poral’ missile flights shortly after World 
War II firmly established the Laboratory as 
a leader in the field of missile guidance. 
These flights also initiated experiments in- 
volving both inertial and radio-command 
; systems employing new concepts of radar 
Qualified personnel employment communication. Because of this research 
inquiries now invited. 1h and experimentation JPL has been able to 

add materially to the fund of knowledge 


The Jet Propulsion Laboratory 
is a stable research and develop- 
ment center located to the north 
of Pasadena in the foothills of 
the San Gabriel mountains. 
Covering an area of 80 acres and 
employing 1550 people, it is close 
to attractive residential areas. 


The Laboratory is staffed by the 
California Institute of Tech- 
nology and develops its many 
projects in basic research under 
contract with the U.S. Gov't. 


For many years the Jet Propulsion Labo- 


Pioneers in Guidance Systems 


available to designers of complex missile 
systems. 


This development activity is supported 
by basic research in all phases of elec- 
tronics, including microwaves and antennas, 
new circuit elements, communications and 
reliability in addition to other branches of 
science necessary to maintain a fully inte- 
grated missile research organization. 


The Jet Propulsion Laboratory, there- 
fore, provides many challenging opportu- 
nities to creative engineers wishing to ac- 
tively apply their abilities to the vital tech- 
nical problems that require immediate and 
future solution. 

We want to hear from men of proven abil- 


ity. If you are interested please send us 
your qualifications now. 


% INSTRUMENTATION + APPLIED PHYSICS + DATA HANDLING +» COMPUTERS 
J08 OPPORTUNITIES TELEMETERING RADIO AND INERTIAL GUIDANCE GUIDANCE ANALYSIS 
IN THESE FIELDS NOW SYSTEMS ANALYSIS MICROWAVES ELECTRO-MECHANICAL PACKAGING 
MECHANICAL ENGINEERING 
JET PROPULSION LABORATORY 


A DIVISION OF CALIFORNIA 


INSTITUTE OF TECHNOLOGY 
PASADENA «+ CALIFORNIA 
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other Germans were left in Russia be- 
cause groups were segregated. They 


% XN (the Germans) were consulted only on 
4 Even for the special * specific and isolated problems, never 
bs - 9 were told the whole story nor the names 
out of this world” 


of others who were working on the same 
wiring problem 
& Switzerland: Swissair recently 


placed its order for a third DC-8 jet 


down-to-earth 4 airliner. Delivery is due in 1961. 
solution RESEARCH & DEVELOPMENT 

Continental Wire 


Proceedings of the three-day high 


temperature symposium held at the 
University of California last June are 
= now in print and may be obtained from 


Public Relations Dept., Stanford Re- 
search Institute, Menlo Park, Calif. 
Whether it’s a rocket to the moon or a radio for a Cost: $5 per copy. 

Titled “High Temperature—A Tool 
for the Future,” the symposium was 
fo serve your wiring needs exactly—with both sponsored by Stanford Research In- 
ae stitute and University of California. 
speed and efficiency. Of the 600 registrants, most were from 
ak the U. S.; the rest, from several differ- 
= With many quality insulations of Asbestos... ent countries abroad. 
... The subjects were treated in three 


: | major categories: methods for reaching 
Polyethylene . . . Polyvinyl . . . Teflon . . . Zytel, | high temperatures; materials for con- 
among others, Continental also offers a wide — taining high temperatures; processes 


‘range of wire sizes—in stock and on special | occurring at high temperatures. To 
further pinpoint the discussion, each 


order. For instance, Continental's ELECTRONIC of the three major divisions was then 

HOOK-UP WIRE. This nylon-insulated, hook-up divided into three areas for discussion 

wire saves TIME...LABOR... and GUESS- by separate panels. Thus, almost every 

| aspect of high temperature research 

WORK in assembly. Resistance to abrasion, was covered in the 36 papers and panel 
acids, alkalis and petroleum solvents—and tem- discussions. 


peratures ranging from —50° C to +125°C A featured _luncheon address by 
Theodore von Karman, chairman of the 
—assures dependability plus versatility. Avail- NATO Advisory Group for Aero- 


room—chances are you'll find Continental ready 


able in AWG SIZES 18 to 32. nautical Research and Development, 

dealt with the subject ‘Aerodynamic 
ne source for your many wiring requirements Heating—Temperature Barrier in Aero- 

—Continental. Write today for Continental’s | nautics.”’ 

complete catalog of heat-resistant, moisture- e = 


resistant wires, cables and cords. Serving 600- 
5000 volts. Sizes, 18 AWG—2,000,000 CM. 


Continental's industrial wire and cable special- 


Contact: Continental Sales, Box 363, 
Wallingford, Conn., Phone COlony 9-7718 


ontine =l Missile Watcher 


Army Signal Corps has developed a 
1'/.-ton telescopic tracker capable of 


Ww IRE CORPORATI ON tracing a missile 300 miles away. Now 


| WALLINGFORD, CONNECTICUT © YORK, PENNSYLVANIA under test at White Sands Proving 
Grounds, the unit has a 400-Ib lens sys- 


tem developed by Fairchild Camera and 


. 
Instrument Corp., can automatically 
take black and white photographs of 
rockets, jets, and other flying objects. 
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nnounces 


THE FASTEST, WHITEST, ULTRA-THIN — 


OSCILLOGRAPHIC RECORDING PAPER 
EVER PRODUCED! 


LINO-WRIT 4 


DU PONT LINO-WRIT 


SPEED VERSUS LAMP VOLTAGE 


IT'S NEW-— and no other photorecording paper offers you 
so many outstanding advantages! New Du Pont Lino-Writ 4 


6000 is 25% faster than any other photorecording paper. It gives 
you speed to spare (see chart) for recording high-frequency 
2600 traces at extreme writing speeds. And it has plenty of extra 
latitude to give you clear, stain-free records — regardless of 
2500 whether you’re recording at slow or fast writing speeds. 
1600 4 What’s more, Lino-Writ 4 is 20% thinner than any other 
V4 0.10 photorecording paper. It’s packaged in standard, splice-free 
1000 . rolls up to 475’ in length to give you extended test runs and 
lower test costs. You don’t have to pamper Lino-Writ 4, 
600 either. It’s the toughest, ultra-thin paper on the market, i 
acuerwe thanks to its all-rag stock. You can handle and fold it without : 
speeos 40° a worry ... and subject it to processing abuse with every 
Pal Pd assurance of excellent results. 
aie 7 Your Du Pont dealer will welcome the opportunity to 
160 demonstrate Lino-Writ 4 in your own plant. For the name 
0.60 of the dealer nearest you... 
Call Western Union Operator 25. 
65 Photo Products Department 
E. I. du Pont de Nemours & Co. (Inc.), Wilmington 98, Del. 
40 
as 


70 eo 90 100 OSCILLOGRAPHIC 


% NORMAL VOLTAGE 
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AEROBEE 
AEROBEE-HI 
ATLAS 
BOMARC 
CORPORAL 
HAWK 
HERMES 
JUPITER 
LOON 
NAVAHG 


RASCAL 
REOSTONE 
TERRIER 

TITAN 


VIKING 
vV-2 


ALL CARRY 
BECKMAN & 
WHITLEY 
EXPLOSIVE 
DESTRUCTORS 
OR DEVICES 
SUCH AS: 
EXPLOSIVE- 
ACTUATED 


e Another human engineering study is 
taking place at Ryan Aeronautical 
Co., under USAF contract, to de- 
termine optimum cockpit arrange- 
ment and instrument display require- 
ments of VTOL aircraft. 

e American Machine & Foundry Co.’s 
Turbo Division recently dedicated its 
new 66,000 sq ft advanced research and 
development center at Pacoima, Calif. 
The new center will be used for develop- 
ment of accessory power supplies for 
guided missiles. 

e First International Ozone Confer- 
ence is scheduled for Nov. 28-30 at 
Sheraton Hotel, Chicago. Sponsor is 
Armour Research Foundation in co- 
operation with a number of companies 
including Aerojet-General Corp. 

e Scientists at Northrup Aircraft, Ine. 
(Hawthorne, Calif.), are researching 
the limits of human mental and phys- 
ical abilities to command supersonic 
aircraft. 

e Republic Aviation Corp. (New 
York) has subcontracted major missile 
and aircraft control problems to Sys- 
tems Laboratories Corp. (Los An- 
geles). 

e Marvelco Electronics Div. of Na- 
tional Aircraft Corp. is establishing an 
advanced electronic research and de- 
velopment center in San Diego. 

e Thompson Products, Inc. (Cleve- 
land), recently dedicated a new labora- 
tory which will enable the company to 
test turbojet engine parts and assem- 
blies of thrust ratings to 40,000 Ib. 

e National Science Foundation has 
selected Green Bank, W. Va., as the 
site for its new radio astronomy facil- 
ity. 

e General Electric’s Aeronautic and 
Ordnance Dept., under sponsorship of 
Army Ordnance and with technical as- 
sists from Springfield (Mass.) Armory 
and Armour Research Foundation, has 
developed a new rapid-firing 20-mm 
‘annon designed specifically for super- 
sonic jet aircraft. Named Vulcan, the 
weapon is now being flight tested by the 
Air Force. 

e Powder Metals Div. of Kwikset 
Locks, Inc. (Anaheim, Calif.), has in- 
stalled what is claimed to be the first 
high temperature atmosphere-controlled 
furnace capable of reaching 3100 F, in 
the Southern California industrial re- 
gion. 

e Association for Applied Solar Energy 
in conjunction with Stanford Research 
Institute, Arizona State College at 
Tempe and University of Arizona will 
sponsor a two-day symposium on solar 
furnace design and operation, Jan. 21-22, 
1957, Hotel Westward Ho, Phoenix, Ariz. 
Titled “Today’s Tool for Tomorrow’s 
Research,” the symposium will deal 
with problems related to high tempera- 
tures, such as thermal shock, materials 
for missiles, ete. 


ELECTRIC 
PRIMERS 


EXPLOSIVE POWER 
CARTRIDGES 


GAS-GENERATING 
CANISTERS 


An organization specializing in the 
design, development, and manufac- 
ture of explosive ordnance, McCor- 
mick Selph places first emphasis on 
dependability. The entire group is 
located in a 60,000-sq-ft plant on a 
200-acre site having perhaps the 
most complete facilities of its kind 
in existence. 

Your procurement and reliability 
problems in specialized explosives’ 
can probably be solved at McCor- 
mick Selph — either with standard 
items, tried and proved, or with units 
produced to meet your specific need. 


Send for data 
or submit your * Ignition 
problems to: Actuation 
Ejection 
Fracturing 


McCORMICK SELPH 
ASSOCIATES 
HOLLISTER 2, CALIFORNIA 
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WANTED! 


ENASINEERS TO HELP MAKE 


LONG RANGE MISSILE HISTORY ee 


North American’s Missile Projects Offer A New Engineering Adventure >. : ; > 


With complete weapons system re- 
sponsibility for the SM-64 NavaHo 
Intercontinental Guided Missile, North 
American is engaged in one of the most 
challenging programs yet offered. But 
every inch of progress is a tough scien- 
tific battle. New means are daily being 


which the development of long range 
missiles presents in the fields of struc- 
tures, temperatures and aerodynamics. 
But most important of all, men must be 
found who thrive on this kind of chal- 
lenge ...men who are really excited 
about this new missile science. Are you 


If you qualify in one of the fields we 
have listed below, chances are you can 
qualify for this unique expedition into 
the technology of the future. We would 
like to tell you about all the physical 
and professional advantages of a career 
in North American’s Missile Develop- 


found to solve the complex problems one of them? ment Engineering. 
Please contact us for the full story: 7 7 
Instrumentation Design, Development & Application Standards, Drawings Checking, Specifications Writing 
Structures, Stress, Flutter and Aeroelasticity Component and System Reliability Engineering Thermodynamics ‘ae 


Armament Systems & Components Engineering 
Mechanical & Electrical Design 


Missile Airframe Design Hydraulic, Pneumatic & Servo Engineering 
Aerodynamics Engineering Flight Test High Temperature Materials Engineering 


Contact: Mr. M. Brunetti, Missile Engineering Personnel 7 


Dept. 91-11JP, 12214 Lakewood Boulevard, Downey, Calif. 


NORTH AMERICAN AVIATION, INC. 
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AUTOMAX 35mm Cife-interval 
data recording camera, standard 
of the industry. 


TRAID 500 16mm 100 & 200 
f.p.s., 200’ capacity extremely 


compact. 

me 


TRAID 100 16mm High Speed, 
high shock resistant, ejectable 
camera (removed from cylindri- 
cal metal case). 


Complete lenses, accessories 
and optional equipment. 


TRAID Corporation 


4515 Sepulveda Blvd. 
Sherman Oaks, Calif. & 


€astern Distributor: 
Flight Research, inc., Richmond, Virginia 


or photographic instrumentation 


ENGINEERING, design, 
research and experimentation, 
TRAID CORPORATION provides 
workable solutions to the most intri- 
cate photographic instrumentation 
problems. Within this one organ- 
ization are combined engineering, 
manufacturing, servicing, and sales 
representation of a full line of high 
speed and data recording cameras, 
systems, and equipment. For seven 
years TRAID has specialized in pro- 
viding photographic instrumentation 
services. You can take advantage of 
these years of experience by applying 
TRAIDS skills and knowledge to 
your specific problems. 
In addition to its own products 


and services TRAID 


TION is exclusive representative for 
all Bell & Howell military products. — 
In order that you may be fully 
informed of these facilities, you are 
invited to write for the complete, 
fully illustrated TRAID catalog of 
cameras, lenses, 
accessories, and 
photographic 
components. 
Fully detailed 
specifications, technical data and 
operating characteristics are included. 


Anti-Gravity 


| gravity” or 


_ for Advanced Studies, most groups 


e Under an Army Ordnance contract, 
Battelle Memorial Institute (Columbus, 
Ohio) has started research on erosion- 
resistant materials for nozzles of a 
rapid-fire antiaircraft rocket. 

e American Machine & Foundry Co. in 
association with the ARDC Aero 
Medical Laboratory has developed a 
new instrument, the Period Analyzer 
(see photo), which interprets inform a- 
tion presented by an electroencephalo- 
graph. Air Force interest in the in- 


strument centers on its possible ability 
objectively to assess alertness level in 
pilots of high speed aircraft. 


Machines? 


Not Yet 


Rumors to the contrary, it will be 
a long time before anyone spots ‘‘anti- 
“electro-gravitic” de- 
vices hovering in the air. True, a 
number of groups throughout the 
world are seriously working on Ein- 
stein’s General Theory of Relativity, 
but no one has yet figured out a way 
to nullify the law of gravity—to say 
nothing of developing a “flying de- 
vice’ which would work on such 
principles. 

In fact, says Welcome Bender of 
Glenn L. Martin’s Research Institute 


are engaged in this work not with an 
eye to application but simply to de- 
velop a better understanding of 
Nature’s gravitational laws on a basic 
research level. Likening present re- 
search on gravity to the early work on 
electricity, Mr. Bender said, ‘First 
we must get to know natural phenom- 
ena, then we learn how to live with 

This is not to deny the possible de- 
velopment of practical applications 
from these studies. But at this 
stage, declares Mr. Bender, the prob- 
lem still is much too formidable to 
conceive of practical applications 
such as anti-gravity flying devices. 
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MAIN STREET (left) of North American Aviation’s Propulsion facility covers 1700 acres, serves as a test site for high-power 
Field Test Laboratory is depicted by artist. Located in the rocket engines. IRBM and ICBM engines will be tested here. 
Santa Susana Mountains, about 35 miles from Los Angeles, the Unit (right) is where new liquid propellants are investigated. 


FREE-FLIGHT duct (left) serves as test site for solid rockets. Inside the duct (right) are a launching table, a bank of camera 
It is 100 feet long and 8 feet in diameter. Rockets—mainly of ports along the wall, and a flat chunk of 2-inch armor plate at 
air-to-air variety—blast down duct in about 0.3 second. a the target end. 


COMPONENTS LABORATORY (left): Here, pumps, regula- large static test stands (right), where large engines are tested 
tors, and generators for high-thrust rocket enignes are put one at a time. (Unusual photo is a composite, covers four-hour 
through their paces. But the big show comes from the bank of span of night firings. ) 
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a proven performer _ | © Greer Hydraulics, Inc., has estab- 


ple y lished a new R&D division to provide 
always rt control designs and prototypes for jet airliner 
airframes, engines, missiles, etc., on a 
systems basis. 
e Surface Combustion Corp.’s Janitrol 
Aircraft-Automotive Div. is building 
a new development test laboratory for 
simulating altitudes and accompanying 
environmental conditions up to 80,000 
ft. Lab will be located in Columbus, 
Ohio. 
e Complete details of Lockhecd’s 
method of recording and analyzing 
guided missile flight, says the company, 
' will be open to scientists of frienly 
nations. 
e American Machine & Foundry (o., 
will build a $4-million R&D center in 
Stamford, Conn. 
e Original RATO cost for B-47 was 
$450 each. Cost is now $160 each. 


Fully loaded B-47 requires 30 for take- 
off. 


Define Your Terms, Please 


Propellent vs. Propellant 


r: Fen) | HE fields of jet propulsion and 


rocketry, like many other scientific 


j the A. W. HA YDON CO, delayed reset time studies, have made their inroads into 


the English language. A point of some 


Protect power tubes in expensive di y/ ’/ interest, perhaps, to the grammatically 
é ay ré ays inclined scientist is the formal distinc- 


transmitting, receiving or 


control equipment two ways: : 2 : : tion in usage between the words pro- 

1. On initial application of line Shown in the chart is a typical characteris- pellent and propellant 

voltage, the timer operates as a tic. In this case the Reset Rate is equal to : er ee —" . 

Roles eq Simply taken, according to the 
the Time Delay. twenty-five pound Webster, the -ent 


providing the delay equipment 
required to get up to correct 
operating temperature. 
Therefore, you can throw your 
load right across the line, and 
plate voltage will not be applied 
until filaments or heaters warm 
up. This eliminates the need for 
estimating warm-up time, 
preventing premature tube 


failures. 


2. If line voltage fails, an WA 


form may assume both the adjectival 
and the noun functions, whereas the 
-ant form has only the noun function. 
It must be emphasized that the ad- 
jectival usage of the -ent form refers to 
the propulsion, propelling, or motion 
produced by the propellent or propellant. 
The nouns refer only to the propelling 
materials themselves. This distinction 
is, at times, not followed with the result 


DELAY MINUTES 


Time 


escapement in the timer operates Ss 7 
to provide a Reset Rate which g [7-1-4 that the more frequently used -ant 
be the cooling form is adapted fairly indiscriminately. 
Is it incorrect to use propellant as an 
Down time” is kept to a h 
minimum, and equipment is back d adjective, say in a p rase such as 
a 7 “the propellant effect of liquid oxygen- 


after line voltage is restored. JP 4’? Our English Department would 
SPECIFICATIONS | eall preferred or conservative usage the 
You know that.no time is _ 1 application of the -ent ending if what is 
wasted — no tube life sacrificed 2. Vibration: 5-55 CPS with 10g moximum accelerati meant is the movement induced by this 
3 fuel combination. It appears then 
4 


by operator error. Shock: 30g (11ms duration) 
Do you have another application that universal adoption of propellent 


in operation as soon as practical a 
TIME 4 
=) 


Operating temperature range: —65°F to 160°F 


Hermetically sealed units meet military requirements 


where a Delayed Reset is for fungus, humidity, and salt spray rather than propellant would keep us all 
These safely within the bounds of grammatical! 
undoubtedly solve your Write for Bulletin AWH TD402 describing 6400 Series A Nea Ringe 
problems too! DC, 11400 Series AC, 24300 Series 400 Cycle. propriety. owever, as is likely, con- 
vention, as governed by the advances 


PREFERRED WHERE PERFORMANCE !S PARAMOUNT. SEE US AT THE AUTOMATION ‘ . 
SHOW, BOOTH 330, NOV. 26 of science and the language used in 


reporting them, will undoubtedly bury 


The aon TO 30 
. A WAH Y another point already dead but in the 
4 A DON dictionaries. 
4 248 NORTH ELM STREET, WATERBURY 20, CONNECTICUT Meyer M. Markowitz 
Design and Manufacture of Electro-Mechanical Timing Devices College of Engineering a 
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To Fly or to Sply? 
. word fly, and its noun form 

flight, is currently used to refer to 
motion away from and above the sur- 
face of the earth. Webster limits its 
meaning to an air environment; mo- 
tion supported by, or through, the air is 
the essence of the generally accepted 
definition. As the bulk of serious 
nonfiction on man-generated movement 
through space swells in volume, it 
becomes important to modify its mean- 
ing. 

However, expanding the meaning 
of fy is not as simple as it appears. 
We can’t say to fly is to move in a path 
that does not touch any part of the earth’s 
surface without the core of meaning 
being destroyed: Man has always 
thought of flight as movement inde- 
pendent of a stationary earth. Only 
since the advent of high speeds has the 
relative concept of motion, with non- 
terrestrial reference points, been con- 
sidered. A rocket plane at the equator 
flying westward at 1000 mph is standing 
still, and the earth spins around it; 
the sun and stars, to an observer on the 
plane, stand still. If this view of 
standing still is accepted, the peculiar 
essence of the word is lost. 

As further demonstration of the in- 
adequacy of fo fly as a universal term, 
consider the following: A planetoid 
traveling past the earth at 10,000 mph 
would be said by an observer on the 
earth to fly past. However, an ob- 
server on an imaginary planet close 
to the orbit of the earth which stood 
still relative to the sun would reach an 
entirely different conclusion. Since the 
earth would move past him at some 
66,000 mph he would certainly say that 
the earth flew. Would either use of the 
word be correct, or neither? 

A solution to the problem would be 
to coin a new verb meaning to move 
through a path not parallel to one gener- 
ally described by a reference point on the 
surface of the earth, The noun form 
would mean nonterrestrially referred 
motion. Sply (space fly) and splight, 
for example, would be specific in de- 
scribing the motion of the westbound 
rocket, the planetoid, and the earth. 
Clearly, the thought conveyed by these 
words should be completed by adding 
a reference phrase, such as from earth, 
from moon, ete. If these nonterrestri- 
ally referred words were accepted, fly 
would retain its dictionary definition. 

It may be impractical to initiate this 
discussion at the present time. But 
when our perspective changes, as we 
have reason to believe it will within 
ten years, we should have a word to 
say what we mean. 


Davip GREENFIELD! 


' Suite 102, 6399 Wilshire Blvd., Los 
Angeles 48, Calif. 


ceiling: e© 
subject: PROPULSION 


From Mach 2 speeds to photon physics...from jet propulsion 
to nuclear-powered flight... Martin propulsion engineering prob- 
lems offer the widest range of challenge and opportunity in the 
aircraft industry today. 

If challenge is your dish and the sky is your limit, why not put 
this to'the test? 

Contact J. M. Hollyday, Dept. JP-11, The Glenn L. Martin 
Company, Baltimore 3, Maryland. 
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‘ ; these two-stage rockets, fired by General Electric 
4 in 1949, established new records of altitude— 
244 miles—and velocity—5150 mph. 
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‘ 
General Electric’s Project Bumper established new 


records of altitude and velocity. But far more 
important is the valuable research data compiled in 
the successful completion of the Bumper project. 
Many problems were overcome with Bumper— 
problems in temperature, telemetry, separation, and 
aerodynamics. Bumper helped solve the problems of 
' communicating with missiles at extreme altitudes, 
and was a major preliminary step in the develop- 
ment of a satellite. In solving these and other prob- 
lems, General Electric has contributed a wealth of 
research data to the missile industry—information 
that is being utilized on the nation’s top priority 
ballistic missile project. 


General Electric’s Special Defense Projects De- 
partment presently is working on an Air Force prime 
contract to develop the ICBM nose cone. Programs 
are being carried out in such varied fields as com- 
munications, hypersonics, metallurgy, mathematics, 
and thermodynamics to support this nose cone 
contract. 


le Technol 


- General Electric has formed the Special Defense 
Projects Department to act as a Company focal 
point for large, highly complex missile projects. 
Scientists in the new department, backed up by the 
vast resources of many General Electric operating 
departments and laboratories, are currently working 
to solve the perplexing problems associated with the 
ICBM nose cone and other missile projects. 

By focusing this wide range of specialized talents of 
General Electric personnel on highly complex de- 
fense system problems, the Special Defense Projects 
Department is making significant contributions to 
America’s defense program. Section 224-5, General 
Electric Co., Schenectady 5, N. Y. 


ENGINEERS: G.E.’s Special Defense Projects Depart- 
ment is currently expanding its staff of highly skilled 
engineers and scientists. If you have a background of 
successful creative engineering, send your qualifica- 
tions to: Mr. George Metcalf, General Manager, 
Special Defense Projects Department, General Elec- 
tric Co., 3198 Chestnut St., Philadelphia, Pa. 


ogy 


TODAY comme RESEARCH AND EXPERIMENTATION in advanced missiles and missile systems i 


is helping solve such advanced problems as development of the ICBM nose cone. Headquarters for General 


MR. ROBERT P. HAVILAND, Flight Test Engineer at SDPD, 
directed Project Bumper and other advanced programs, gaining 
valuable experience which he is currently applying to present 
‘Missile programs. 


- Electric's participation in these programs is the Special Defense Projects Department in Philadelphia, Pa. 


DR. YUSUF A. YOLER—widely known for research in hypersonics 
—is currently engaged in the design and development of wind 
tunnels, shock tunnels, mass accelerators, and other facilities 
for continued progress in missile systems. 
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Manufacturer's Twenty Member Motion Picture Unit sets up to shoot Northrop F-89D all-weather jet interceptor for sequences in Northrop Training Department film, 


INDUSTRY'S USE OF 16MM CAMERAS BROADENS 


Northrop Aircraft Demonstrates Expanded ro 
Industrial Use of Mitchell Cameras . 
Over 100,000 feet of film were shot last year by two 16mm Mitchell cameras 
operated by a full-scale motion picture unit at Northrop Aircraft. Operating daily 
throughout the year, these 16mm cameras provide impressive evidence of the rising 


role of professional motion picture equipment in American Industry today. 


Northrop, a leader in airframe and missile manufacture, makes diversified use of 
their Mitchell cameras. Motion pictures range from employee activities to engi- 
neering test films—where re-shooting is impossible and where steady, accurately- 
framed film of’superior quality is consistently delivered by Mitchell cameras. 


No other single camera is today used by American Industry for such a broad 
range of filming requirements as is the Mitchell camera. Easy operating Mitchell 
cameras help create sales, meet delivery schedules, and systematize and accelerate 
research and development. For details about Mitchell equipment that will meet 
your specific needs, write today on your letterhead. 


i il For Quality Control Film, Mitchell camera 104 Rocket Salvo of twin-jet F-89D is cap- 
moves in for close shots of Scorpion F.69D. tured on 16mm Engineering Test film. 


CORPORATION 


666 WEST HARVARD STREET 
GLENDALE 4,CALIFORNIA 


Cable Address: ‘‘MITCAMCO” 


\ 
8 
Te iste — Alaska Bound test pilot Bob Love and Columnist Marvin Miles 
a ea being filmed by Mitchell camera for Northrop Public Relations 
hime Department. 
: 
= 85% of professional motion pictures shown in theatres throughout the world are filmed with a Mitchell 


W TH a big assist from the Niagara 
Frontier host Section, another na- 
tional meeting got off to a fast start and 
drew to a successful conclusion recently 
in Buffalo, N. Y. For a brief and busy 
time (Sept. 24, 25, 26), Buffalo was host 
to aout 300 missile men and hub of the 
nation’s missile information lines. 
. Registrants attended a special show- 
ing of Warner Brother’s new film ‘“To- 
ward the Unknown” (about the Bell 
X-2), witnessed the premier of the docu- 
mentary ‘Flight to the Future’ (also 
about the X-2). At the technical ses- 
sions, they were given the latest declassi- 
fied information on technical develop- 
ments (see Abstracts). In the exhibition 
hall, visitors saw displays ranging from 
cut-away rocket engine models to the 
latest style in protective clothing. Be- 
tween times, members listened to fea- 
turel speakers and fellow members 
make headlines. 

Principal speaker at the fall meeting, 
Clifford C. Furnas, Assistant Secretary 
of Defense for Research and Develop- 
ment, sounded a conservative note on 
the future of space flight in his talk 
“Around the World in Ninety Minutes.” 
After emphasizing the fact that the 
satellite program is an international 
scientific experiment and not for mili- 
tary purposes, Dr. Furnas said that man 
was approaching the time when he could 
start thinking of an unmanned satellite 
that would circle the moon and take 
pictures. 

But it is not yet time, he added, for 


in Miles 


elations 


HEAD TABLE: 


ARS Fall Meeting Turns Buffalo into... 


Nation’s Temporary Missile Capital > 


people to begin lining up even for one- 
way tickets to the moon. In fact, though 
there is a reasonable probability that an 
earth satellite will be launched in its 
orbit during IGY, Dr. Furnas empha- 
sized, there is no assurance of success. 
Other newsmakers: 

e@ Walter R. Dornberger of Bell Aircraft 
declared that a rocket vehicle capable of 
reaching the moon could be built with 
present technical know-how, fuels, and 
metals. But such a project, cautioned 
Dr. Dornberger, would not be practical 
at this time. 

e Basing his forecast on Dr. Dorn- 
berger’s expectations, Leston P. Faneuf, 
luncheon speaker and recently elected 
president of Bell, predicted that a 
manned space ship will make a return- 
trip to the moon by 1971. 

e Another luncheon speaker and 
holder of the world speed record of 1900 
mph, Lt. Col. Frank K. Everest as- 
serted that but for lack of official in- 
terest and, consequently, research funds, 
man would now be flying at 7000 mph. 

e And from some informal get-to- 
gether at the meeting emerged word of 
two new high-altitude research rockets 
sponsored by the Navy and being de- 
veloped by Atlantic Research Corp. 
(Alexandria, Va.). The first, a solid pro- 
pellant rocket named Iris, is designed to 
carry a 100-lb load up to an altitude of 
200 miles. The other, Arcon, will be 
smaller and less expensive, reach alti- 
tudes of 60 to 70 miles. 


Walter Dornberger, Harry Ferullo, Claude Puffer, Ira Ross, Lawrence Bell, Clifford Furnas, William Smith, Noah Davis... 


... Frank Everest, Robert Truax, F. H. Keast, James Vermilya, Wernher von Braun, V. Hwoshchinsky 


Abstracts 


The following are summaries of all papers 
presented during the technical sessions of 
the recent ARS Fall Meeting (see above) — 
held in Buffalo, Sept. 24-26. Full papers © 
are available in preprints (see page 1028). 


+ Investigation of the Factors Affecting the 
Attachment of a Liquid Film to a Solid Sur- — 
face, by C. F. Warner and B. A. Reese, © 
Purdue University. (312-56) 

In 1948, Jet Propulsion Center at Purdue 
initiated a fundamental investigation of film 
flow phenomena. In their paper, Reese and 
Warner summarize the experimental results 
on the film attachment phase of this investi- 
gation, present an empirical equation based 
on momentum exchange that correlates the — 
experimental results with two- and three- © 
dimensional flow fields. 


Rocket Motors, by M. J. Zucrow and A. R. 


+ Some Considerations of Film Cooling for * 
(313-56) 


Graham, Purdue University. 
The authors take a semiempirical approach _ 
to the problem of film cooling rocket motors, _ 
present basic considerations pertinent to the _ 
film cooling of a circular duct. They show, } 
for example, that due to instability of liquid 
film, the ideal film coolant flow requirements _ 
fall short of the actual requirements. 7 
+ Upper Bounds and Conservative Esti- — 
mates for Aerodynamic Heating at Great — 
Altitudes, by J. F. Vandrey, The Martin Co. 
(314-56) 
Dr. Vandrey develops a simple procedure _ : 
for obtaining upper bounds for aerodynamic 
heating at high speeds and altitudes. The 
procedure is based on energy considerations 
and assumes the most favorable flow condi- 
tions. In nonmarginal cases, such as the 
launching vehicle for an artificial satellite, 
these upper bounds result in skin tempera- ] 
tures low enough to serve as a guide for prac- 
tical design purposes. 4 
+ The Recovery of High Speed Rocket " 
Powered Vehicles and /or Their Components, 
by R. Provart, Cook Electric Co. (315-56) 
Basic considerations of the recovery prob- 
lem are presented and details peculiar to the 
types of components to be recovered are 
noted. The author discusses trajectory 
conditions, techniques of programming a 
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hose assembly 
ever developed 
for missiles 


...With the patented tube 
of TEFLON® 


EFLON HOSE has proved superior to any other 
type of flexible line for extreme ambient tem- 
peratures (+500°F to —100°F) and corrosive fluids 
- guch as nitric acids, JP-X, hydrogen peroxide, and 
LOX fuels. 

The patented compound of Teflon used in 
Fluoroflex®-T hose makes it all the more unique. 
This compound imparts high tensile and tear 
~ strength, assures proper flex life, and a leakproof 
seal at couplings. With Fluoroflex-T hose you’re 
sure of high integrity lines. Non aging, they’re de- 
signed for indefinite storage life. 

Resistoflex is the only manufacturer of hose as- 
semblies producing its own Teflon tubing and offer- 
ing undivided responsibility for the performance of 
the complete assembly. The original Teflon hose, 
oor Fluoroflex-T hose now has over 4 years successful _ 
service in jet engines, airplanes and missiles. 


Send for data. 


® Teflon is a DuPont trademark. Fluoroflex is a Resistoflex trademark. 


Western Plant: Burbank, Calif. 


CORPORATION Roseland, N. J. 


recovery system, methods of sensing per- 
tinent environmental conditions, and various 
braking devices. He also compares recovery 
systems, comments on current parachute 
technology and on devices and materials 
which appear promising for the future. 


+ Correlation of Ramjet Fuel Performance 
with Combustion Parameters, by H. F. Cal- 
cote of Experiment, Inc., and J. B. Fenn of 
Princeton University. (316-56) 


Fenn and Calcote in this paper attempt to 
correlate ramjet fuel performance with com- 
bustion parameters so that the efficiency can 
be predicted from simple laboratory deter- 
minations. 


+ On the Development of Rational Scal- 
ing Procedures for Liquid-Fuel Rocket En- 
gines, by 8S. S. Penner, California Institute of 
Technology. (317-56) 

Author offers a critical summary of recent 
theoretical studies concerning similarity 
analysis and the scaling of liquid-fuel rocket 
engines. On the basis of this work, sugges- 
tions are offered for an experimental program 
on the development of rational scaling pro- 
cedures. 


+ Similitude Considerations in Turbojet 
Engines, by 8S. Way, Westinghouse Electric 
Corp. (318-56) 

The paper discusses physical similarity 
principles in flow and combustion systems, 
briefly considers the application of these 
principles to the separate engine components, 
and contains some observations concerning 
the turbojet engine as a whole. 


+ The Structure of Chlorine Flames, by R. 
F. Simmons and H. G. Wolhard, Royal Air- 
craft Establishment (England). (319-56) 

Wolfhard and Simmons present the results 
of systematic studies of chlorine flames 
(i.e., flames produced using chlorine as the 
sole oxidant) as a preliminary toward a better 
understanding of the effect of chlorine com- 
pounds on combustion. 


+ Flame Stabilization in a Boundary Layer, 
by H. C. Hottel and Tau-Yi Toong of Massa- 
chusetts Institute of Technology, and J. J. 
Martin of Texas Co. (320-56) 

In order to eliminate the difficulties in- 
volved in studying flame stabilization using a 
Bunsen flame, the authors, in a re-examina- 
tion of the theory of flame stabilization, 
study the stability of a lean propane-air 
flame in the boundary layer along a water- 
cooled slender rod, with its longitudinal axis 
lying at the center line of a large Pyrex duct. 


+ Preliminary Evaluation of a Rotating 
Flame Stabilizer as a Means of Achieving 
Higher Heat-Release Rates per Unit of 
Combustion-Chamber Volume, by J. H. 
Grover, M. G. Kesler and A. C. Scurlock 
of Atlantic Research Corp. (321-56) 

The authors discuss their evaluation of a 
rotating bluff flameholder, consider possible 
applications, and conclude from their ex- 
perimental study that ‘‘other things being 
equal, the volumetric combustion effiviency 
of a high-output combustion chamber; _ be 
substantially increased by rotation of the 
flame stabilizer, and the combustion effi- 
ciency can be controlled by changing the rate 
of stabilizer rotation.” 


+ Determination of Frequency Response of 
Accelerometers at Low Frequencies, by A. J. 
Amico and E. E. Greiner of Bell Aircraft 
Corp. (322-56) 

Greiner and Amico offer a method de- 
veloped by the Instrumentation Group at 
Bell Aircraft for accurate determination of 
the frequency response of accelerometers at 
frequencies below 12 cps and at any accelera- 
tion input up to 10 g. 

+ Some Problems Associated with Instru- 
menting Shock Tubes for Hypersonic Ke- 
search, by W. E. Smith and R. J. Vidal of 
Cornell Aeronautical Laboratory. (324-56) 
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Do you 


think about 


and uses Statham 
Angular Accelerometers 
to test 


Statham unbonded strain gage liquid 
rotor angular accelerometers offer a 
simple, reliable means for the study of 
the rotary motion of a test body under 
conditions where a fixed mechanical 
reference is not available. For static 
and dynamic measurements in ranges 
from +1.5 to £3,000 rad/sec2 four 
standard models are offered. 


This is a review of current practices and 
anticipated instrumentation developments, 
especially in the categories of pressure meas- 
urement and schlieren optics, as applied to 
hypersonic research activities at Cornell 
Aeronautical Laboratory. 
+ Some Advantages and Examples of Con- 
solidated Test Equipment, by R. A. Shea, 
Allen B. DuMont Laboratories. (325-56) 
The author advocates the consolidation of 
test equipment within one basic equipment 
group but cautions against exceeding the 
point of optimum consolidation. He sug- 
gests the factoring technique as the best 
approach. 
+ A Method for Optimizing Instrumentation 


| Systems for Rocket Testing, by J. H. Zim- 
| merman, North American Aviation Corp. 


| (326-56) 


By use of such mathematical techniques as 


| Boolian algebra and linear programming, 


the author establishes a fairly flexible and 
general analytic model of an instrumentation 
system for static rocket testing, uses this 
model to optimize a simple instrumentation 
system, and then generalizes the methods for 
optimization of a complex rocket test facility. 


| # A Resistance Thermometer for Transient 


Surface Temperature Measurements, by R. 
J. Vidal, Cornell Aeronautical Laboratory, 
Ine. (327-56) 

A recently developed resistance thermo- 


| meter with a rise time of less than a micro- 


second is described and analyzed. Embody- 


| ing a thin metallic film mounted on glass, it 


is used to measure transient surface tempera- 
tures on models in a hypersonic shock tunnel. 


+ Field Transportation of Concentrated 
Hydrogen Peroxide, by J. H. Keefe and C. 
W. Raleigh of Food Machinery and Chemical 
Corp. (328-56) 

Raleigh and Keefe discuss methods of 
handling 90 per cent hydrogen peroxide 
commercially, outline requirements of hydro- 
gen peroxide tactical service vehicles, and 
present examples of such tactical vehicles. 


+ The Physical and Chemical Properties of 
the Alkyl Hydrazines, by R. C. Harshman. 
Olin Mathieson Chemical Corp. (329-56) 

In this paper, the author offers a compila- 
tion of data on the physical and chemical 
properties of a variety of alkyl hydrazines to 
show the general effects of substitution on 
properties. 


+ Unsymmetrical Dimethyl Hydrazine as a 


| Starting Fluid for Nitric Acid-Jet Fuel 


Rocket Engines, by R. L. Potter and H. W. 
Byington of Bell Aircraft Corp. (330-56) 

Byington and Potter discuss the data which 
led them to believe that UDMH is a superior 
starting fluid for nitric acid-jet fuel rocket 
engines. 


+ Chemical Aspects of Hypergolic Ignition 
for Liquid Propellant Rocket Engines, by 
L. R. Rapp and M. P. Strier of Reaction 
Motors, Ine. (331-56) 

Authors describe a study on the relation- 
ship between chemical structure of the ali- 
phatic amines and hypergolicity, deduce a 
general correlation between the chemical 


| structure of the aliphatic amines and their 


ignition characteristics with white fuming 
nitric acid. 


+ Simulated Training for Rocket Aircraft, 
by J. N. Pecoraro, U. S. Naval Training De- 
vice Center. (333-56) 

The presentation covers some problems of 
training personnel for rocket flight, describes 
various training devices developed to solve 
these problems. 


+ Some Experiments with Two-Dimensional 
Cavitating Venturis, by K. Berman of 
General Electric Co. and T. C. Carnavos of 
Griscom-Russell Co. (334-56) 

Carnavos and Berman report on experi- 
mental work designed to study the effect of 
geometry on venturi operation and to ex- 


plore capabilities and potentialities of ven- 
turis as flow controllers. 

+ Development and Manufacturing Prob- 
lems of the Nike Thrust Chamber, by J. R, 
Piselli, Bell Aircraft Corp. (Preprint not 
available for distribution.) 

This paper details various problems en- 
countered during development of Nike thrust 
chamber, such as ceramic throat erosion, tells 
how the problems were solved. 

+ Explosive Actuated Valves for Guided 
Missiles, by M. W. Connell, Conax Corp. 
(336-56) 

Author describes different explosive ac- 

tuated valves, lists their reported advan- 
tages for use in missile systems. 
+ A Stationary Wave Resonant Systen: to 
Produce High Sound Pressure Encount: red 
in Missiles, by W. Fricke, Bell Aircraft Corp. 
(337-56) 

Dr. Fricke’s paper deals with the testing of 
sound-sensitive missile electronic components 
in a sound chamber developed by Bell Air- 
craft to simulate the noise spectrum of 
missiles. 


Scouting Science Talent 

IKE the weather, the shortage of sci- 

ence graduates is a topic many }co- 

ple talk about and few do anything 

about. And when some one does do 
something about it, it’s news. 

Last spring, several ARS members led 
by Roy E. Marquardt, president of 
Marquardt Aircraft Co., organized the 
first experimental Science Explorer Post 
in cooperation with Boy Scouts of 
America. 

The objective was to establish pro- 
grams for young (14-17) men interested 
in scientific careers, catching them early 
enough so that their choice of school 
subjects could be influenced. The pro- 
grams called for active participation in 
the following fields: nuclear energy, 
geology, and electronics. Each program 
was about a month long, consisted of 
discussion groups, field trips, and lab- 
oratory experiments—in addition to all 
the other traditional aspects of scouting. 

Reporting on the,first six months of 
operation, participating Marquardt sci- 
entists and engineers claim Science Ex- 
plorer Post 501 has proved a highly suc- 
cessful experiment. This plan, they con- 
clude, “shows that industrial sponsor- 
ship can provide the necessary leader- 
ship, enthusiasm, and equipment to in- 
trigue and inspire young men into con- 
sidering scientific careers.”’ 

Many other firms such as Rocket- 
dyne and, DuPont have expressed in- 
terest in this program, says Mar- 
quardt. And a second Science Explore! 
Post is already on its way, sponsored by 
North Texas Section of ARS under 
President George Craig. 


Two More 

Bringing the corporate total to 80, two 
new groups were recently accepted by 
ARS as duly qualified corporate mem- 
bers. They are: 

e Aviation Week. A McGraw-Hill 
publication, Aviation Week is a weekly 
trade magazine that reports new de- 
velopments in jet propulsion as part oi 
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MODEL LS-III 


FOR T 


Oil 


EST SITES — STATIONARY a 


MODEL LM-III 


FOR TEST SITES — PORTABLE 


Evectric Motor Drive — Arr CooLep 


ASSEM. NO. 9315 


fre 


\ 
FOR TEST SITES — SKID MOUNTED 
AVAILABLE WITH ELECTRIC MOTOR 
oR GASOLINE ENGINE 


40 TO 80 SCFM 


1 SCFM 


FOR TESTING COMPONENTS 


= 


MISSILE PRESSURIZATION SYSTEMS 


40 TO 80 SCFM 


te 


5 TO 30 SCFM 


AssEM. No. 9200. 
TacticaL DiesEL ENGINE 
Driven 3-stace 6000 Ps1 
© «4 CoMPRESSOR FOR ATLAS MISSILE 


MULTI-STAGE BOOSTER COMPRESSORS 


compress helium or nitrogen from 
variable inlet pressure source 
such as commercial gas bottles to 
higher outlet pressure. 


COMPRESSION WITHOUT LUBRICATION 


_ prevents oil contamination and 
_ insures highest purity of outlet gas. 


¢ INLET PRESSURES FROM 50 PSI MIN TO 
2,300 PSI MAX 
¢ CAPACITIES FROM 1 SCFM TO 80 SCFM 
STANDARD 
(LARGER CAPACITIES ON REQUEST) 


4 OUTLET PRESSURES TO 10,000 PSI 


one, 
two, 
three 
or 


four stage models available 
for stationary, portable or 
tactical use 


SUPPLY CO. 


1236 So. Central Ave., Glendale 4, California 


its over-all coverage of the aviation field. 

Staff members designated as cor- 
porate representatives: Robert W. Mar- 
tin, publisher; Robert B. Hotz, editor; 
Alpheus W. Jessup, managing edi- 
tor; Irving Stone, senior engineering 
editor; Evert Clark, associate news edi- 
tor. 

e Pacific Automation Products, Ine, 
Located in Glendale, Calif., the firm en- 
gineers and manufactures cable and elec- 
trical systems for guided missiles and 
rockets. 

Representing the company as ARS 
members will be: Frank G. Jameson, 
president; Arthur P. Jacob, executive 
vice-president and general manager; 
Donald E. Studer, project engincer; 
Michael Rothbart, production manager; 
John J. Burke, secretary. 


Sections 


Columbus: On Sept. 11, the re- 
cently chartered Columbus Section 
held its first meeting of the fall season 
at Battelle Memorial Institute. Plans 
were made for the forthcoming year 
and the following Section officers were 
elected: M. W. Bell, president; R. 
E. Bowman, vice-president; K. 0. 
Smith, recording secretary; L. E. 
Bollinger, corresponding — secretary; 
G. A. Wright, treasurer; and, as 
directors, R. Edse, A. W. Lemmon, 
H. L. Johnston, and A. A. Putnam. 

Florida: At its June 14 meeting, 
Florida also elected new Section of- 


ficers. On the slate: V. O. Smith, 
president; R. L. Yordy, vice-presi- 
dent; R. H. Reynolds, treasurer; 


E. H. Munsey, program chairman; R. 
Rice, publicity chairman; J. Herbert, 
membership chairman; and, as direc- 
tors, D. N. Yates, A. L. Conrad, R. B. 
Rypinski, G. C. Gentry, B. G. Mac- 
Nabb, W. L. Risley, and R.S. Mitchell. 
New York: The North Castle 
(N. Y.) Nike base held open house 
on Sept. 22 for about 200 Section 
members and guests. Officially des- 
ignated Battery B, 66th Anti-Aircraft 
Artillery Missile Battalion, the base is 
commanded by Lt. Col. A. L. Meyer 
who talked about the Nike and its role 
in the defense of the New York area. 
San Diego: Approximately 85 


members and guests attended the 
August 23 meeting, listened to Sec- 
tion President Krafft Ehricke of 
Convair-Astronautics talk about the 
solar-powered space ship. 

Noted mathematician George 
Gamow addressed the Section at its 
Sept. 5 meeting. About 185 members 
and friends listened to Professor Gamow 
review theories of planetary evolution 
and a new idea offered as a possible 
theory on the origination of life called 
global metabolism. He also discussed 
life on other planets and suspended 
animation as a proposed solution to the 


| long travel time between planets. 
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Radar Switchboard 


They used to remove a section of the deck to 
get a radar switchboard inside a submarine. 
Now it fits easily through a hatch because 
Admiral has redesigned the unit to reduce 
bulk and weight by as much as two-thirds! 

This priceless saving in pounds and inches 
is only one of the new unit’s many advan- 
tages. Formerly up to 400 man-hours were 
needed for major repairs such as replacing a 
defective switch section. Now the job is done 
in 20 minutes! The entire unit is built up of 
standardized sub-assemblies fitted with mul- 
tiple connector plugs. It is a simple matter to 
remove and replace a fauity switch or ampli- 
fier. Each switch section even has its indi- 
vidual power supply to keep the switchboard 
operable in case one section goes out. The 
unit can be readily expanded to handle addi- 
tional radar indicators by simply adding more 
self-contained sections. Printed switches and 
circuit boards, designed for automation 
assembly, are ruggedly resistant to vibration 
and humidity. 

The radar switchboard, for use on all types 
of naval vessels, is typical of Admiral’s ad- 
vanced design, research and development in 
electronics, now being carried forward for all 
branches of the Armed Services. = 


Admiral. 


Government Laboratories Division, Chicago 47 


LOOK 10 Admiral For 
RESEARCH DEVELOPMENT PRODUCTION 
IN THE FIELDS OF: 

COMMUNICATIONS UHF AND VHF « MILITARY TELEVISION 
RADAR « RADAR BEACONS AND IFF ¢ RADIAC 
TELEMETERING « DISTANCE MEASURING 
MISSILE GUIDANCE « CODERS AND DECODERS 
CONSTANT DELAY LINES « TEST EQUIPMENT 

ELECTRONIC COUNTER MEASURES 


Facilities Brochure describing 
Admiral plants, equipment and ex- 
perience sent on request. 


ENGINEERS: The wide scope of work in progress at 
Admiral creates challenging opportunities in the field of 
your choice. Write Director of Engineering and Research, 
Admiral Corporation, Chicago 47, Illinois. 
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ENGINEER, AE, ME 


AIRCRAFT 
STRUCTURAL DESIGN 


for 
NUCLEAR POWER PLANTS 


It is a truism that history is only made by 
_ history-makers. No one will dispute the 
truth of this when it comes to General 
_ Electric’s pioneering work in applying 
nuclear energy to aircraft propulsion. 
Many specialized and highly qualified 
talents are engaged in this vital area. 


The position now open offers many op- 
portunities for professional achievement 
and unique engineering experience. It 
involves the preliminary design of major 
aircraft structures, and the coordination 
of structural design with power plant de- 
sign requirements. 4 to 6 years’ experi- 
ence in aircraft design and development 
required. 


OPENINGS IN CINCINNATI, OHIO 
and IDAHO FALLS, IDAHO 


Address replies in confidence, stating salary 
requirements, to location you prefer: 


J. R. Rosselot L. A. Munther 


. O. Box 132 P. O. Box 535 
Cincinnati, Ohio Idaho Falls, idaho 


GENERAL ELECTRIC 


Licked Gy ? 

Being knocked out by a pint-sized competitor? 
Maybe they are already using MPB’s x 


such as these CI@Sore | 


BALL BEARINGS ACTUAL SIZE 


A postcard will bring you complete data 
on 500 types and sizes. 
with your left, and write! 


MINIATURE PRECISION BEARINGS, INC. 
20 Precision Park, Keene, N. H. 


Please send MPB's new Catalog to: 


CHY. Zone..... 
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About to get underway, the 11th 

Annual Meeting will take place this 
year in New York from Nov. 26 through 
Nov. 29. Meeting headquarters will be 
the Henry Hudson Hotel. 

As usual, highlight of the annual 
gathering will be the presentation of 
awards and fellowships to outstanding 
individuals in the jet propulsion field at 
the Honors Night Dinner on Nov. 29 
(see 1956 ARS Awards Winners). Chief 
of Navy Bureau of Aeronautics, Rear 
Admiral James Russell, will be featured 
speaker at the dinner. 

On the technical side, the meeting 
promises a solid and varied program of 
sessions ranging in scope from Rocket 
Production Techniques to Space Flight. 
(For a tentative listing of individual 
papers, see Annual Meeting Program.) 
Promising wide audience appeal, two 
sessions on high altitude sounding rock- 
ets will round up the latest unclassified 


New York Host to National Meeting 


information on sounding rockets here 
and abroad and will include a discussion 
of future sounding rockets as well. 

A few blocks away from ARS head- 
quarters and running concurrently with 
the Annual Meeting will be the 22nd 
National Exposition of Power and Me- 
chanical Engineering at the Colesium. 
Of particular interest here to ARS mem- 
bers will be the Rockets & Missiles Sec- 
tion where companies such as Bendix 
Aviation, Cooper Development, Dow 
Chemical, Grand Central Rocket, Gen- 
eral Electric, Hughes Aircraft, North 
American, Ramo-Wooldridge, RI, 
Thiokol, etc., will display some of their 
latest wares in the missile field. (See 
page 1028.) 

A well-rounded and interesting pro- 
gram overall, the 11th Annual Meeting 
promises to be a worthy climax for the 
1956 ARS Meetings Calendar, a fitting 
invitation to next year’s programs. 


Annual Meeting Program 


Monday, Nov. 26 


9:30 a.m. Directors Meeting 
3:00 p.m. Program Committee Meeting 
Tuesday, Nov. 27 


9:30 a.m. Solid Propellants 
Chairman: W. L. Rogers, Aerojet-General 
Corp. 


Vice-Chairman: Ivan Tuhy, Glenn L. Martin 
Co. 

+ Theory and Experiment on the Burning 

Mechanism of Composite Solid Propellants, 

by M. Summerfield and G. Sutherland, 

Princeton University. (360—56) 

+ Petroleum Based Solid Rocket Propel- 

lants, by J. A. McBride and R. W. Scharf, 

Phillips Petroleum Co. (338-56) 

+ Some Properties of a Simplified Model of 

Solid-Propellant Burning, by Leon Green, 

Jr., Aerojet-General Corp. (339-56) 

+ Some Preliminary Photoelastic Design 

Data for Stresses in Rocket Grains, by M. L. 

Williams, California Institute of Technology. 

(340-56) 

9:30a.m. Space Law and Sociology 

Chairman: John Cobb Cooper, Princeton 
University and McGill University. 

Vice-Chairman: Andrew G. Haley, Haley, 
Doty, and Wollenberg. 

+ A Study of the Rate Process of Life and 

Special Relativity Theory, by William R. 

Brewster, American Heart Association, Har- 

vard University. (376-56) 

+ Projecting the Law of the Sea into the 

Law of Space, by Rear Admiral Chester C. 

Ward, Judge Advocate General of the 

United States Navy. (377-56) 

+ The Present-Day Developments in Space 

Law and the Beginnings of Metalaw, by 

Andrew G. Haley, Haley, Doty, and Wollen- 

berg. (378-56) 

+ Some Social Implications of Space Travel, 

by Colonel William O. Davis, Air Force 

Office of Scientific Research. (379-56) 

12:00 Noon Section Luncheon 

2:30 p.m. High Temperature Materials 

Chairman: George P. Sutton, North Ameri- 
can Aviation, Inc. 

Vice-Chairman: Leon Green, Jr., Aerojet- 
General Corp. 

+ Molybdenum for High Strength at High 

Temperatures, by R. R. Freeman, Climax 

Molybdenum Co. (341-56) 


+ Temperature Indicating Paints, by Jack 

Becker, Aerojet-General Corp. (342-56) 

+ Structural Materials for Missile Applica- 

tions at Very High Temperatures, by J. R. 

Kattus, Southern Research Institute. (364- 

56) 

+ Graphite as a Material for High Tem- 

perature Gas Flow Systems, by Leon Green, 

Jr., Aerojet-General Corp. (382-56) 

2:30 p.m. Combustion 

Chairman: Arch C. Scurlock, Atlantic Re- 
search Corp. 

Vice-Chairman: John F. Tormey, North 
American Aviation, Ine. 


(Continued on page 1020) 
New Award | 


ON NOVEMBER 29, Lt. General 

John B. Medaris, Commanding 
General of the Army Ballistic Missile 
Agency, will make the first presenta- 
tion of the newly established Chrysler 
(Corporation) Award at the Honors 
Night Dinner, during the AMERICAN | 
Rocket Socrety’s llth Annual 
Meeting in New York. 

The award, this year, will go to 
James Blackmon, a student at Phil- | 
lips Academy, for his “demonstra- 
tion of imagination, initiative, and | 
ingenuity in the field of missile 
rocketry,” as shown by the 6-ft 
rocket Mr. Blackmon built in the 
basement of his home back in Char- 
lotte, N. C. 

The award carries a $1000 scholar- 
ship stipend, will be presented by the 
ARS on an annual basis. Complete 
details concerning future selection of 
candidates and presentations of the 
award will be reported in an upcom- | 
ing issue of JET PROPULSION. 
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Chandler C. Ross Donald Crabtree Louis G. Dunn 


1956 ARS Awards Winners 


G. Edward Pendray Award for rocket and jet propulsion 
literary effort goes to Hermann Oberth, author of many 
books and numerous technical reports in the jet propulsion 
field for his “Die Rakete zu den Planetenriumen”’ 
(Rocket to Interplanetary Spaces). 

Professor Oberth was born 1894 in Hermannstadt, 
Transylvania. Before entering service in World War I, 
he had studied medicine in Munich. After the war, 
Professor Oberth took up mathematics and physics. He 
becime, in succession, a high school teacher, a technical 
investigator, and then (1941-1943) a consulting engineer 
to Peenemunde. 

After World War II, Professor Oberth came to the 

United States where he has served as a consulting engineer 
first to Redstone Arsenal and then to Army Ballistic 
Missile Agency. 
ARS Astronautics Award for contribution to the advance- 
ment of space flight will be presented to Joseph Kaplan, 
chairman, U. 8. National Committee for the International 
Geophysical Year. 

Dr. Kaplan is a graduate of John Hopkins University 
(B.S., chemistry; M.A. and Ph.D., physics). After 10 
years of teaching physics at University of California, Los 
Angeles, he became chairman of Physics Dept. in 1938. 

From 1943 to 1945, Dr. Kaplan, on leave from UCLA, 
served as Chief of Operations Analysis Section of the 
Second Air Force and later of the Air Weather Service. 
Following World War II, Dr. Kaplan was appointed to the 
Air Force Scientific Advisory Board. 

As head of U. S. National Committee for IGY, Dr. 

Kaplan is responsible for this country’s program of geo- 
physical research to be conducted in cooperation with other 
nations during 1957-1958. 
James H. Wyld Memorial Award for outstanding applica- 
tion of rocket power will be given to Louis G. Dunn, vice- 
president and director of Guided Missile Research Div. of 
The Ramo-Wooldridge Corp. 

Born in South Africa in 1908, Dr. Dunn became a 
naturalized U. 8. citizen in 1943. After graduation from 
California Institute of Technology (B.S.; M.S., mechanical 
engineering; M.S., aeronautical engineering; Ph.D.), he 
stayed on first as a teacher and then, 1947 to 1954, as 
director of Cal Tech’s Jet Propulsion Laboratory where he 
was in charge of developing the Corporal. 

In 1954, Dr. Dunn left Cal Tech and joined Ramo- 
Wooldridge. In his present position as director of R-W’s 
Guided Missile Research Div., he is responsible to the Air 
Force for systems engineering and technical direction of the 
USAF IRBM and ICBM programs. 

C. N. Hickman Award for solid propellants goes to Bruce 
H. Sage, senior consultant for the Naval Ordnance Test 
Station, Inyokern, Calif. 

Dr. Sage was born 1909 in State College, N. Mex. He 
attended New Mexico College of Agriculture and Me- 
chanic Arts (B.S., chemical engineering) and California 
Institute of Technology (M.S., chemical engineering; 
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Hermann Oberth Joseph Kaplan Bruce H. Sage 
Ph.D., mechanical engineering). After nine years of re-— 
search and instruction at California Institute of Technology, 
Dr. Sage became professor of chemical engineering in 1944. 
In 1945, he was made head of NOTS explosives depart- 
ment. Four years later, Dr. Sage became associate direc- 
tor for engineering at NOTS and in 1950, senior consultant. 
Robert H. Goddard Memorial Award for work in liquid | 
propellants will be presented to Chandler C. Ross, mana- 
ger of Aerojet-General Corp.’s Liquid Engine Div. 

Mr. Ross was born 1913 in San Francisco. Graduated 
from the University of California (Berkeley) with a B.S. 
in mechanical engineering, he worked from 1936 to 1943 as © 
chief engineer for various pump manufacturing firms, as “a 
project engineer for a plant building company, served on 
University of California faculty and as a project engineer | 
on Navy submarine pump projects. 

In 1943, Mr. Ross joined Aerojet and immediately be- 
came associated with all of the company’s major liquid en-— 
gine programs. In addition to his principal job of division 
manager, Mr. Ross is a member of Aerojet’s 107-A (Bal- 
listics Missile) Advisory Committee and Large Solid > 
Rocket Technical Advisory Committee. 
ARS Student Award for the best student paper on rocket — ; 
and jet propulsion will be given to Donald L. Crabtree, 
of Purdue University, for his paper on “Design Evalua- 
tion of One Type Nuclear Propulsion System.” 

Born in 1936 in Richmond, Ind., Mr. Crabtree, despite 
his age, is no stranger to honors and awards. While still 
in high school, he received honorable mention in the West- 
inghouse Science Talent Search and second place in the 
1954 National Science Fair for his paper on ‘‘Heavy Water 
of Crystallization.”” Upon graduation, he was awarded 
an Honorable Merit Scholarship to Purdue. 

At present, Mr. Crabtree is working as an undergraduate 
technician at Purdue’s Jet Propulsion Center while study- 
ing for his bachelor’s degree in mechanical engineering. 
When he gets his degree, he plans to enter graduate school 
and study at the Jet Propulsion Center. 

Fellowships: In addition to the six award winners (above), 
the following eight people were selected by the Awards | 
Committee to become 1956 Fellow Members of ARS: 

Charles W. Chillson, chief research engineer, Curtiss 
Wright Corp., former ARS president (1952). 

William C. House, principal engineer, Aerojet-General. 

William H. Pickering, director, Jet Propulsion Labora- 
tory, California Institute of Technology. 

Simon Ramo, executive vice-president, The Ramo- 
Wooldridge Corp. 

Maj. General Bernard Adolph Schriever, commander, 
Western Development Division, ARDC. 

Russell K. Sherburne, chief physicist, Physical Science 
Lab., New Mexico College of Agriculture and Mechanic 
Arts; president, New Mexico-West Texas Section. 

Fred S. Whipple, chairman, Department of Astronomy, 
Harvard University; director, Astrophysical Observatory 
of the Smithsonian Institute. 

Maj. General Donald N. Yates, commander, Air Force 
Missile Test Center, ARDC, Patrick AFB. i 
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BUILDING 
MISSILES? 


RESEARCH WELDING 
for fabrication beyond 
the standard concept 


For fabrication of guided missilecom- 
ponents and atomic structures and 
for other technical projects, Research 
Welding is equipped to process 
experimental work requiring high- 
strength orcorrosion-resistant alloys. 

Our facilities include a 650-ton capa- 
city HPM metal forming hydro press 
and the latest automated welding 
equipment. Mass Spectrometer and 
hydro testing; USAF-approved qual- 
ity control procedures. 

Research Welding has developed 
components for CalTech, Douglas, 
DuPont, Firestone, GE, Hughes, Bell, 
Northrop, USAF. 


Let us analyze your problem. Call or write 
today for information. New, ultra-modern 
plant now under construction will provide 
even greater facilities for the scientific devel- 
opment of your special projects. 


10608 SANTA FE AVE. ¢ SOUTH GATE, CALIFORNIA 
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The Editor Complains, Too 


ONSIDER the editor. He 

weareth purple and fine linen. 
His abode is amongst the mansions 
of the rich. His wife hath her limou- 
sine and his first-born sporteth a rac- 
ing car, that can hit her up in forty 
flat. 

Lo! All the people breaketh their 
necks to hand him money. A child 
is born unto the wife of a merchant in 
the bazaar. They physician getteth 
ten gold plunks. The editor writeth 
a stick and a half and telleth the 
multitude that the child tippeth the 
beam a nine pounds. Yea, he lieth 
even as a centurion. And the proud 
father giveth him a Cremo. 

Behold, the young one groweth up 
and graduateth. And the editor 
putteth into his paper a swell notice. 
Yea, a peach of a notice. He telleth 
of the wisdom of the young woman, 
and of her exceeding comeliness. Like 
the roses of Sharon is she and her 
gown is played up to beat the band. 
And the dressmaker getteth two 
score and four iron men. 

The daughter goeth on a journey. 
And the editor throweth himself on 
the story of the farewell party. It 
runneth a column, solid. And the 
fair one remembereth him from afar 
off with a picture post card that 
costeth a jitney. 

Behold, she returneth and the 
youth of the city fall down and wor- 
ship. She picketh one and Lo, she 
picketh a lemon. But the editor 
calleth him one of the most promising 
young men and getteth away with it. 
And they send unto him a bid to the 
wedding feast and behold, the bids 
are fashioned by Muntgummery 
Hawbuck, in a far city. 

All flesh is grass and in time the 
wife is gathered into the silo. The 
minister getteth his bit. The editor 
printeth a death notice, two columns 
of obituary, three lodge notices, a 
cubit of poetry, and a card of thanks. 
And he forgetteth to read proof on 
the head, and the darned thing 
cometh out “Gone to Her Last 
Roasting Place.”’ 

And all that are akin to the de- 
ceased jumpeth on the editor with 
exceeding great jumps. And they 
pulleth out their ads and cancelleth 
their subscriptions and they swing 
the hammer unto the third and fourth 
generations. 

Canst thou beat it? 


Epitors Note: This editorial is re- 
printed from the San Clemente (Calif.) 
Sun, by permission. Although the prob- 
lems of the editor described herein are 
not the same as ours, there is a universal- 
ity of editorial problems that prompts us 
to publish it here. 


+ Radiation Intensity from Highly Tur- 
bulent Flames, by R. A. John and M. Sum- 
merfield, Princeton University. (343-56) 
+ Analysis of Combustor Performance 
Based on Simplified Chemical Kinetics, by 
Ernest Mayer, ARDE Associates. (344-56) 
+ Investigation of Behavior and Reaction 
Mechanism of Nitric Acid—Hydrocarbon 
Flames, by M. H. Boyer and P. E. Frieberts- 
hauser, Rocketdyne Division of North Ameri- 
ean Aviation. (371-56) 

+ Use of the Moliere Type Thermodynamic 
Charts for Calculating Performance and De- 
sign Parameters, by Charles H. Trent, Aero- 
jet-General Corp. (373-56) 

+ Industrial Applications of the Rocket 
Principle, by F. R. Job, Linde Air Products 
Co. (350-56) 

7:00 p.m. Annual Business Meeting 


Wednesday, Nov. 28 

9:30a.m. High Altitude Sounding Rockets—I 

Chairman: Homer E. Newell, Jr., Naval 
Research Laboratory. 

Vice-Chairman: John W. Townsend, Naval 
Research Laboratory. 

+ The Sounding Rocket in the 1GY Program 

by Homer E. Newell, Jr., Naval Research 

Laboratory. (345-56) 

+ Aerobee-Hi, by John W. Townsend, Naval 

Research Laboratory; and Bob Slavin, Air 

Force Cambridge Research Center. (346- 

56) 

+ The Nike-Cajun Sounding Rocket, by 

Les Jones, University of Michigan; William 

Stroud, Evans Signal Laboratory; Nelson 

Spencer, University of Michigan; and 

Warren Berning, Ballistic Research Labora- 

tory. (361-56) 

+ Future Sounding Rockets, by W. C. 

House, E. R. Roberts, R. Waldo, W. T. Cox, 

and C. Dodge, Aerojet-General Corp. (347-56) 

9:30a.m. Liquid Propellant Rockets 

Chairman: C. C. Ross, Aerojet-General 
Corp. 

Vice-Chairman: Robert B. Dillaway, North 
American Aviation, Inc. 

+ Importance and Application of Thrust 

Control for Liquid Propellant Rockets, by 

R. H. Reichel, Bell Aircraft Corp. (348-56) 

+ Dynamic Characteristics of a Liquid Filled 

Tube, by W. A. Sibley and W. G. Oakes, 

Boeing Airplane Co. (349-56) 

+ An Approximate Theory for Discharge 

Coefficients of Flow Nozzles, by F. S. Sim- 

mons, Rocketdyne Division of North Ameri- 

can Aviation. (351-56) 

+ A Philosophy for Improved Rocket Nozzle 

Design, by R. B. Dillaway, Rocketdyne Divi- 

sion of North American Aviation. (362-56) 

2:30 p.m. High Altitude Sounding Rock- 

ets—II 

Chairman: Martin Summerfield, Princeton 
University. 

Vice-Chairman: Robert A. Gross, Fairchild 
Engine and Airplane Corp. 

+ ASP (Atmosphere Sounding Projectile), 

by James A. Van Allen, State University of 

Iowa; and Cliff Cooper, Cooper Develop- 

ment Corporation. (352-56) 

+ The NAavy Rockaire Program, by John 

Masterson, Office of Naval Research. (380- 

56) 

+The Air Force Rockaire Program, by 

Robert Slavin, Air Force Cambridge Re- 

search Center. (381-56) 

+ The Veronique Sounding Rocket, by 

Etienne Vassy, University of Paris. (353-56) 

+ Japanese Sounding Rockets, by Hideo H. 

I. Itokawa, University of Tokyo. (363-56) 

+ British Sounding Rockets, by E. B. Dorl- 

ing, Royal Aircraft Establishment. (373-56) 

2:30 p.m. Atomization and Sprays 

Chairman: Thomas Meloy, General Elec- 
tric Co., AGT Division. 

Vice-Chairman: Fred W. Garry, General 
Electric Co. 

+ Instrumentation to Measure Composition 
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Lightweight structural metals with high 
strength, stiffness and elasticity at elevated 
temperatures! A new group of Dow mag- 
nesium alloys offers a great combination 
of these properties without the fabricating 
difficulties normally experienced with other 
high temperature materials. 


Specially developed for use in airframes, 
missile and engine structures, the new 
alloys are already making weight reductions 
possible for several manufacturers. These 
alloys show advantages at temperatures up 
to 700°F. Limited test data on properties 
up to 800°F, are available for some of them. 


FABRICATION: Fabrication characteristics 
are equal to those of standard magne- 
sium alloys. 
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WELDABILITY: 95 to 100% weld effi- 
ciency at elevated temperatures. 


FORMABILITY: Single deep draws can 
be easily accomplished. 


MACHINABILITY: Best machining char- 
acteristics of any structural metal. 


One of the new alloys is magnesium- 
thorium composition HK31A. It is now 
available in rolled form from stock. Cast- 
ings and sheet in mill quantities are also 
readily available. A companion alloy for 
extruded shapes and forgings will soon be 
in production. 


For more information about the new high 
temperature magnesium alloys, contact 
your nearest Dow Sales Office or write 


you can depend on DOW MAGNESIUM 


high temperature magnesium alloys 
have excellent fabrication characteristics 


to THE DOW CHEMICAL COMPANY, Magnesium 
Sales Department MA362MM-1, Midland. 
Michigan. 


EASILY FORMED. These HK31A 
were drawn using production dies and 
rocesses for standard magnesium alloys. 
he parts retained a higher percentage of 
original properties than standard alloys. 
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GENERAL @@ ELECTRIC 


at Guided Technical 


a HELD BY THE 
The Technical Forums held by authorities from the mots 
Missile & Ordnance Systems Department (then 
called the Special Defense Projects Department), " 
of General Electric in New York City and Buffalo 
last Spring were unusually well received, attracting 
large audiences of engineers and scientists interested 
in keeping up with the very latest developments in 
the field of Guided Missiles. 
a In view of the intense interest in these forums, and 
: the subsequent requests for reprints of the papers 
presented, we have decided to make them available 
upon request. 
a Papers presented were on the following subjects; = = 
SOME AEROPHYSICS PROBLEMS CONNECTED 
WITH HYPERSONIC FLIGHT 
by Dr. John W. Bond, Jr.— Aerophysicist : 
PROBLEMS OF SYSTEMS ENGINEERING 
by Mr. A. W. Robinson — Manager, 
: EXPERIMENTS IN HYPERSONICS : Af 
by Dr. Yusuf A. Yoler— Hypersonic Scientist 
: THE INTEGRATION OF SYSTEMS TEST ae 
by Mr. William R. Eaton — Manager, : 
Quality Control and Test Engineering 
3 
aul Dr. Joseph Farber — Manager, 
by Mr. Samuel Levy — Manager, 
To receive your set of these papers, collected in 
TECHNICAL FORUM, ROOM 508-4 ‘SL 


MISSILE AND ORDNANCE SYSTEMS DEPARTMENT =r 


and Temperature of High Velocity, Two- 

Phase, Two-Component Flows, by K. R, 

Wadleigh and R. A. Oman, Massachusetts 

Institute of Technology. (354-56) 

+ Theoretical and Experimental Study of 

the Deformation and Atomization of a Liquid 

Drop in a High Velocity Gas Stream, by 

Naotsugu Isshiki Masugi, Ministry of 

Transportation, Tokyo, Japan. (355-515) 

+ On the Atomization of Liquid by Meang 

of Flat Impingement, by Yasusi Tanas:wa, 

Tohoku University, Sendai, Japan. (356-56) 

8:00 p.m. New York Section Film Night 

Thursday, Nov. 29 

9:30 a.m. Space Flight Symposium 

Chairman: Krafft Ehricke, Chairman, \R§ 
Space Flight Committee, Convair. 

Vice-Chairman: Darrell C. Romick, 
year Aircraft Corp. 

+ Some General Considerations of the 

Utility and Operation of a Long Range 

Manned Rocket Research Vehicle, by G. H. 

Stine, White Sands Proving Ground. (:57- 

56) 

+ Heat Transfer to Satellite Vehicles Re 

Entering the Atmosphere, by N. H. Kemp, 

and F. R. Riddell, Avco Research Labora- 

tory. (358-56) 

+ Lifetime of Artificial Satellites of the 

Earth, by Irvin G. Henry, Aerojet-General 

Corp. (359-56) 

+ Skin Temperatures of a Satellite, by Craig 

Schmidt, Bell Aircraft Corp. (383-56) 

+ A New Type of Nuclear Power for Space 

Flight, by R. L. Carroll, Naval Air Test 

Center. (375-56) 

9:30a.m. Rocket Production Techniques—I 

Chairman: Albert G. Thatcher, Reaction 
Motors, Inc. 

Vice-Chairman: James Fitzgerald, Reaction 
Motors, Inc. 

+ Important Factors of Rocket Engine De- 

velopment with a Foresight on Mass Pro- 

duction, by Guenther W. A. Haase, Bell 

Aircraft Corp. (365-56) 

+ Redstone Missile Assembly Problems, by 

Charles W. Williams, Chrysler Corp. (366- 

56) 

+ Design and Production of the Falcon Solid 

Propellant Motor Case, by Carl E. Johnson, 

Scaife Co. (368-56) 

2:30 p.m. Reliability 

Chairman: R. P. Haviland, General Electric 
Co. 

+ Reliability Concepts in Rocket Power 

Control Design, by H. L. Coplen, Jr., Aero- 

jet-General Corp. (369-56) 

+ Methods for Measuring, Analyzing, and 

Predicting Reliability and Performance of 

Large Complex Electronic Systems, by 

Richard R. Landers, General Electric Co. 

(367-56) 

+ Sequential Analysis as a Practical Method 

of Satisfying Reliability Requirements, by 

William Brewington, Reaction Motcrs, Inc. 

(384-56) 

+ Designing Equipment for Reliability, by 

R. B. Wilson, Convair. (374-56) 

7:00 p.m. Honors Night Dinner 

Speaker: Rear Admiral James Russell, chief, 

Navy Buréau of Aeronautics. 


ARS Meetings Ca'’endar 

Nov. 26-29: ARS Annual Meeting, Henry 
Hudson Hotel, New York. Honors 
Night Dinner on Nov. 29. Speaker: 
Rear Admiral James S. Russell, chief, 
Bureau of Aeronautics. 

—1957— 

March 18-20: ARS Spring Meeting, Hotel 
Statler, Washington, D. C 

June 9-13: ARS qe Meeting, 
Hotel St. Francis, San Francisco. 

Aug. 25-28: ARS-Northwestern Tech- 
nological Institute Gas Dynamics Sym- 
posium, Northwestern University, 
Evanston, 

Dec. 2-6: ARS Annual Meeting, New 
York. 
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jet engine starter performance 
plotted quickly and accurately 
by Baldwin SR-4° system 


Under simulated operating conditions, turbine type fuel-air 
combustion starters for jet aircraft engines are performance- 
tested by a Baldwin instrumentation system that is instantane- 
ously responsive and accurate to .1%. 


Starter operating characteristics are measured by three 
Baldwin SR-4 strain gage type pressure cells (at top of photo 
at right) and an SR-4 torque pickup (below) which follow 
variations in combustion pressure, fuel pressure, air pressure 
and torque. Electrical signals are transmitted from the cells and 
plotted on Baldwin recorders mounted in control consoles 
(photo above). Also plotted are primary ignition voltage and 
shaft speed, With this instrumentation system one test engineer 
can conduct 3% second test runs on a continuous basis. 


If you need to measure torque, pressure, load, tension or 
thrust, Baldwin can custom-design and build a system to do 
the job. ““Packaged”’ systems and component transducers are 
also available. For illustrated bulletins, write us at Dept. 2854, 
Waltham, Massachusetts. 


| SEE OUR EXHIBIT AT THE AUTOMATION SHOW | 


ELECTRONICS & INSTRUMENTATION DIVISION 


BALDWIN-LIMA-HAMILTON 


DIVISIONS: Austin-Western * Eddystone * Hamilton * Lima * 
Loewy-Hydropress * Madsen * Pelton * Standard Steel Works 
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PIONEERING SCIENTIFIC 


This scientific pioneer is Dr. G. K. Wehner, designer of the ing” or disintegration rate of molybdenum under bombardment 
space chamber which he uses here to determine the “sputter- from atoms moving at 25,000 m.p.h., 200 miles above the earth. 


What happens to metals at 
25,000 m.p.h. 200 miles up? 


General Mills scientists are finding exploration in theoretical and develop- 


some of the answers to this question, mental physics. 
which bears directly on space ships and Findings in this “‘research for tomor- 
man-made satellites. row” are being translated regularly into 


Their findings indicate that mate- _ practical applications for industrial and 
rials to be sent into space must possess _—_ military use today. If you have product 
properties not found in today’s ores or production problems, you can profit 
and alloys. Since few new metals re- _ from these applications, and from our 
main to be discovered, they conclude _ high-level production facilities. 
that present ones must be given new 
properties to cope with the heat barrier 
and to keep vehicles from disintegrat- 
ing under particle bombardment. 

The study of metals in space flight 


AUTOFAB: built for the present 


_——\_ Send for Production Facts From General Mills’ creative re- 
\\ This interesting booklet tells the search and precision manufacturing 


story of how you profit by giving | Come machines for industry to use 
us your difficult production prob- §today—machines such as Autofab, 
lems. Write Mechanical Division, —_ for near-automatic assembly of elec- 


represents but a single phase of Gen- tronic components on printed cir- 
eral Mills’ over-all program of advanced Minn. cuit boards, 


MECHANICAL DIVISION OF General Mills 


CREATIVE RESEARCH AND DEVELOPMENT PRECISION ENGINEERING AND PRODUCTION 
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NEW DEPARTURE 
BALL BEARINGS 


NEW DEPARTUR 


Volume is one of the big reasons why New 
Departure is the preferred source for miniature 
ball bearings. 

And, of course, another big reason is ultra-pre- 
cision! Despite their small size (5¢” to 14” O.D.), 
New Departure miniature reais are fully 
precision-ground, lapped, and honed to within 
tolerances of ABEC 5 or better. 

Actually, precision starts with proper prepara- 
tion of the stainless steel, where optimum 
metallurgical characteristics are assured by 


BALL BEARINGS MAKE 


GOOD PRODUCTS BETTER 


SEE NEW DEPARTURE ON 
“WIDE WIDE WORLD” SUNDAYS—NBC-TV 


NOVEMBER 1956 — 


IN MINIATUR 
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New Departure Division 
General Motors Corporation 
Bristol, Connecticut 

Att. Dept. C 


exacting heat treat equipment and processes. 
Finished bearings undergo rigorous testing and 
microscopic inspection on special equipment. 
Assembly and packaging take place in com- 
pletely air-conditioned and pressurized areas to 
keep out contaminants. 


However exacting your performance require- 
ments, call on New Departure for miniature 
bearings unexcelled for precision, accuracy, and 
long life. New Departure, Division of General 
Motors, Bristol, Connecticut. 


Gentlemen: Please send me free catalog on miniature bearings. 


Name Title 


Company 
Address. 


Zone___ State 


BALL BEARINGS 


GENERAL 
MOTORS 


NOTHING ROLLS LIKE A 
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In air-foil sections, strength, accuracy 
and smoothness are of primary im- 
_ portance. These characteristics, plus a 
- minimum of machining, are offered by 


ing. The alloy: A-356. Tolerances of 
in thickness and .020” T.LR. 
flatness are held in production. Sur- 
face finish, as cast, is better than 
125RMS. Test bars machined from 
heavy hub section have minimum ulti- 
- mate strength of 36,000 psi and elon- 
gation of 11%. 

Morris Bean & Company specializes 
_ in casting parts for wave guide, fluid 
- flow, and aircraft application to de- 
manding standards and in volume 
production. 

If your designs call for high per- 


_ Morris Bean & Company 


Yellow Springs 6, Ohio : 


FIRST... LOOK FOR THE REAL 


OPPORTUNITIES 


‘ 


BEECHCRAFT is aggressively enter- 
ing new fields and needs men of 
imagination to do creative work of 
top-level importance. BEECHCRAFT 
is now seeking 


SCIENTISTS 
PHYSICISTS 
ENGINEERS 


If you would like to be associated 
with a leading organization that 
is large enough to have diversi- 
fication of product, but small 
enough to insure recognition of 
personal ability —for work now 
going on, and work now being 
planned for Beechcraft’s Boulder, 
Colorado, special engineering fa- 
cility, as well as Beechcraft’s main 
plants in Kansas, write today to 


The Employment Division 


eecheraft 


WICHITA 1, KANSAS 


The DENVER DIVISION of 
THE MARTIN COMPANY 
now has a position available in 
their Service and Test Division 
for technicians with missile 
field test experience. 


SENIOR MISSILE 
TECHNICIANS 


For captive missile test work. 
Must have rocket or missile 
test experience and be able to 
plan test assignments at a 
captive test site and perform 
the most complex field testing 
of highly involved engineering 
designs and purchased equip- 
ment. , Will assist engineering 
personnel at control area. 
Work involved will be in areas 
of electronics, guidance and 
controls, hydraulics, propul- 
sion or instrumentation. 
Please write giving full details 
of experience and earnings to: 
Mr. G. D. Stephens, Empl. 
Dept. 


MARTIN-DENVER 


P.O. Box 179 
Denver 1, Colorado 
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The many advanced aircraft and missile programs 
at Convair San Diego today include: The F-102A 
Supersonic Interceptor, The Atlas Intercontinental 
Ballistic Missile, The Metropolitan 440 Airliner, 
the new Convair 880 Jet-Liner, and a far-reaching 
study of Nuclear Aircraft. 

Within these vital, highly-diversified Convair 
projects in beautiful San Diego, California, engi- 


and rewarding engineering career. You will find 
Convair salaries, computor and test facilities, 
engineering policies, educational opportunities 


3302 PACIFIC HIGHWAY 


IDEAL ENGINEERING 


neers find the perfect “climate” for a challenging 


_CONVAIR, 


A DIVISION OF GENERAL DYNAMICS CORPORATION 


“CLIMATE” 


and personal working advantages the most desir- 
able in the industry. 

What’s more, you and your family will almost 
certainly enjoy a new, exciting, happier way of 
life here . . . where the weather year ’round is 
unsurpassed. 

For a significant engineering career in the 
engineering “climate” you seek, we invite you to 
forward a full resume today. Write H. T. Brooks, 
Engineering Personnel, Dept. 1423 

Generous travel and moving allowances to 


engineers. 


qe 


SAN DIEGO, CALIFORNIA 
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SPECIAL EXHIBIT. 


ROCKETS ano MISSILES 


UNDER THE AUSPICES OF ARS 


a 


AT THE 


22nd NATIONAL EXPOSITION 
OF POWER AND 
MECHANICAL ENGINEERING 


NOVEMBER 26—30 


COLISEUM, NEW YORK 


(Across the street from ARS 11th Annual Meeting 


at the Henry Hudson Hotel) 

Exhibitors: Space 
Aerojet-General Corporation 744 
AMERICAN ROCKET SOCIETY hag 686 
Bell Aircraft Corp. 738, 740 
Bendix Aviation Corp., Missile Section 693 
Cooper Development Corp. 688 
Dean & Benson Research, Inc. As vs. 737 
The Dow Chemical Co. 
T. R. Finn & Co., Inc., Aeronautical Division 745 
General Electric Company 

Missile and Ordnance Systems Division 696 

Rocket Engine Section 698 
Grand Central Rocket Co. 689, 691 
Hughes Aircraft Co. 7 690 
Martin Company, Baltimore 4, 743 


North American Aviation, Inc., Missile Development 
Division 692 
687 


Potter Aeronautical Co. 


Ramo-Wooldridge Corp. 
Reaction Motors, Inc. 

Rocketdyne, A Division of North American 
Aviation, Inc. 


Thiokol Chemical Corp. 
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MECHANICAL ENGINEERS 


Piping, Wiring and 
Mock-Ups Specialist 


This is your chance to enjoy the exceptional pro- 
fessional and_ personal advantages available to 
engineers at General Electric’s Jet & Rocket En- 
gine Center. 


For this opportunity ycu should have a BSME or 
BME degree and several years’ experience in the 
design of piping and wiring circuits for aircraft- 
type engines, especially gas turbines. 


You will construct mock-ups of advanced air-craft 
engines and design external piping and wiring cir- 
cuits. Your responsibilities will include schedul- 
ing, budgeting, planning and ccmpletion of pro- 
grams for the development of such equipments and 
configurations. Professional advancement will 
be faster—in Flight Propulsion—at General Elec- 
tric. 


Recruiting representatives from AGT will be in most 

major cities next month. Local interviews for 

qualified applicants can be arranged. Write in 
confidence to: 

Mark Peters, Dept. M8-14 

Technical Personnel, Bldg. 100 

Aircraft Gas Turbine Division 


GENERAL @@) ELECTRIC 


Cincinnati 15, Ohio 


PREPRINTS 
AMERICAN ROCKET SOCIETY 


> 500 Fifth Avenue, New York 36, N. Y. 


Please send the preprints circled below: 
Price percopy: 25¢ tomembers—50¢ to non-members 
Remittance of ..........enclosed 


TECHNICAL PAPERS PRESENTED AT THE 


ARS FALL MEETING, BUFFALO, 1956 
312-56 324-56 
318-56 325-56 
314-56 326-56 
315-56 327-56 
316-56 328-56 
317-56 329-56 
318-56 330-56 
319-56 331-56 
320-56 333-56 
321-56 334-56 
336-56 
337-56 
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New techniques... 


scientist-engineer task force teams. 


facilities in that field... 
what has never been done before. 


| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

i 

| F YOU are 4 MECHANICAL OF ELEC- 
| TRONICS ENGINEER, you may be in- 
| volved in a project in any one of 
| many interesting fields, as a basic 
| member of the task force assigned each 
research problem. Your major contribu- 
tion will be to design and test the nec- 
essary equipment, which calls for skill 
| at improvising and the requisite imagi- 
| nativeness to solve a broad scope of con- 
| sistently unfamiliar and novel problems. 
If you are a CHEMIST Or CHEMICAL 
| ENGINEER, you will work on investiga- 
tions in radiochemistry, physical and 
i inorganic chemistry and analytical 
| chemistry. The chemical engineer is 
| particularly concerned with the prob- 
| lems of nuclear rocket propulsion, 
Weapons and reactors. 

i If you are a PHYSICIST Of MATHEMA- 
J TICIAN you may be involved in such 
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.new equipment... 
in constant growth at Livermore and Berkeley, California as some 
of America’s most challenging nuclear frontiers are met and passed 
by the University of California Radiation Laboratory’s unique 


and wide-open opportunities to do 


unaversrry oF CALIFORNIA LABORATORY 


new knowledge—all are 


There are many such teams. And what you can do as a member, | 
is limited only by yourself—your ability and your interest. 

For UCRL is directed and staffed by some of America’s 
most outstanding scientists and engineers. This group offers 
pioneering knowledge in nuclear research— today’s most expansive 


fields of theoretical and experimental 
physics as weapons design, nuclear 
rockets, nuclear emulsions, scientific 
photography (including work in the 
new field of shock hydrodynamics), 
reaction history, critical assembly, 


LIVERMORE, CALIFORNIA 


projects and opportunities. 


My fields of interest are 


At UCRL’s Livermore, California, site— interior view of drift tubes in high-current 
linear accelerator designed to deliver 250 ma of 3.6 Mev protons or 7.8 Mev deuterons 


Could you help advance these new frontiers? 


nuclear physics, high current linear 
accelerator research, and the controlled 
release of thermonuclear energy. 

In addition, you will be encouraged 
to explore fundamental problems of 
your own choosing and to publish your 
findings in the open literature. 

And for your family—there’s pleas- 
ant living to be had in Northern Cali- 
fornia’s sunny, smog-free Livermore 
Valley, near excellent shopping centers, 
schools and the many cultural attrac- 
tions of the San Francisco Bay Area. 


You can help develop 
tomorrow—at UCRL today 
Send for complete information on the 
facilities, work, personnel plans and 
benefits and the good living your family 
can enjoy. © UCRL 


DIRECTOR OF PROFESSIONAL PERSONNEL 
UNIVERSITY OF CALIFORNIA RADIATION LABORATORY 


Please send me complete information describing UCRL facilities, 


Name 


Address. 


Zone State 


City 
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“Technical support" 
Dr. J. P. Silvers, specializin 


thermodynamics, hydrodynamics in r 
design; formerly with Naval Real 
Division of Argonne National Laborator 
now with Avco Research and Advan 


te “An engineer should be given plentiful technical assistance. His potential cannot 
Pees be fully realized when his creative energies are consumed by routine duties.” 


Helping talented engineers and scientists reach full effectiveness WANTED 


is the best way we, at Avco Research and Advanced Develop- Leaders in the exploitation of new areas of Science 
ment, know of helping our own growth. For outstanding men, Physical Scientists 
Avco’s long-range expansion—in missiles and in all the physical Advanced degree preferred in— Physics - Aero- 


dynamics - Electronics - Metallurgy - Physical 


sciences—offers unprecedented opportunity. Write: Dr. Lloyd + 
P. Smith, General Manager, Room 403L, Avco Research and 
Advanced Development Division, 20 S. Union St., Lawrence, 


civision? 
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IN BUILDING... | 
Buildings are now sealed against wind and 
rain with “Thiokol” synthetic rubber glazing 
and caulking compounds. These durable new 
compounds form strong, weather-proof seals — 
that withstand every major cause of deteri- 
oration ... help eliminate recurring mainten- 
ance costs. 


IN INDUSTRY... 


A new industrial use for some “Thiokol” 
product is discovered almost daily. Already 
a host of sealing, casting and plastic tooling 
applications are based on “Thiokol” poly- 
mers. Resistance to oils, solvents and gases ' g 
makes “Thiokol” synthetic rubbers perfect 
for tough assignments such as printing rollers — 

and linings for fuel and paint spray hoses. 


IN AVIATION... 


It was a “Thiokol” sealant that made the 
integral wing tank a practical flying reality. 
Compounds based on “Thiokol” polymers 
still prove best for the job. Other “Thiokol” 
compounds create the tough, vibration-proof 
seals used for cabins, windows and electrical 
components. 


IN ROCKETRY... 


“Thiokol” solid propellant rocket motors put the “push” in 
such missiles as the Falcon. Combining power and stability with 
simplicity of construction and handling, “Thiokol” solid pro- 
pellant engines have proved exceptionally effective for many 
types of rockets and guided missiles. To keep pace with its 
expanding rocketry activities, Thiokol recently purchased a 
new 12,000-acre Utah plant site which will become its western 
center for research, development and production of solid pro- 
pellant engines for rockets and guided missiles. 


For more information about Thiokol, send for our booklet, 

“From Rubber to Rockets.” Write on your business letter- 

7 head to: Thiokol Chemical Corporation, 784 North Clinton 
Avenue, Trenton 7, New Jersey. 


THIOKOL CHEMICAL CORPORATION 


TRENTON, NEW JERSEY ¢ MOSS POINT, MISSISSIPPI «© ELKTON, MARYLAND 
MARSHALL, TEXAS «© HUNTSVILLE, ALABAMA e TREMONTON, UTAH (under construction) 
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A ROCKET BOOSTER COMPONENTS FOR THE U.S. AIR 
FORCE “SNARK” SM-62 are produced by ALCO under a 
subcontract. The Snark, shown here taking off on a test 
flight, has intercontinental range, plus the ability to 
carry an atomic warhead. 


HEAT EXCHANGERS FOR ATOMIC SUBMARINE were built 
by ALco. ALCO also supplied the design and manufactur- 
ing facilities that helped solve the difficult heat-transfer 
problems posed by the Nautilus’ specialized reactor 


system. 
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Al ‘0MPONENTS FOR ALL THREE SERVICES 


Items range from missile launchers and 
missile propellant chambers to weldments_ 
and springs; ALCO is also prime contractor 


Tr for tanks and atomic power plant 


As a primecontractor, ALCOiscurrently machined items and all types of assem- 
producing the Army’s M48A2 medium bly, including electronics. ALCO also 
tanks and working on the Army Pack- offers specialized design experience in 
age Power Reactor which will be com- atomics and weapon development. 
pleted early next year. ALCO also pro- ‘ 
duces highly complicated components Call on ALco for assistance on new 
for other prime contractors; heavy __ defense items. Complete information 
final drives for tanks, air flasks, pro- about facilities and engineering is 
pellant chambers and missile launchers, available from your nearest ALCO Sales 
to name a few. Office or write P.O. Box 1065, Schenec- 

tady 1, New York. 
Long experience in defense production, : 
beginning in 1860, is one reason why 
ALCO is successful in helping make | 7 q 
modern weapons. Its products have in- 
cluded guns, shell casings, locomotives A LC 0 
and marine diesels. During World War ; 
II and Korea, ALCO made thousands of a — 
combat tanks. 
Complete production and design facilities 
are another important reason for ALCO ALCO PRODUCTS, INC. - 
leadership. Seven plants in five states NEW YORK a 
are fully equipped to produce heavy | Locomotives ° Diesel Engines _ 
weldments, heat-transfer items, sil Nuclear Reactors + Heat Exchangers 
engines, pressure containers and ves- _ Springs + Steel Pipe + Forgings — 
sels, springs, forgings, rings, precision-— Weldments + Ojil-Field Equipment 


¢ CURRENT PRIME CONTRACTOR FOR ARMY’S M48A2 
TANK, ALCO assembles components of some 1500 subcon- 
tractors and mass-produces the medium tanks in facili- 
that have already delivered almost 10,000 tank 
vehicles. 


ROCKET FUEL CHAMBERS FOR THE ‘‘HONEST JOHN” are 
produced by ALCO in volume quantities. The prime con- 
tractor and government agencies have commended ALCO 
fr expert fabrication and speed of delivery. v 


A ARMY PACKAGE POWER REACTOR, now under con- 
struction at Fort Belvoir, Va., will be completed in early 
1957. ALCO is prime contractor. APPR has been designed 
so that all components can be transported by air to re- 
- mote areas for installation. 
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New Patents_ 


Air Swirler surrounding fuel nozzle dis- 
charge end (2,752,753). Philip G. Dooley, 
Bolton, Conn., assignor to United Air- 
craft Corp. 

Swirler comprising an inner and outer 
ring with cambered vanes between, and 
adapted to impart a vortical motion and 
increased velocity to air passing between 
the rings. 

Retractable mount for rockets (2,752,824). 
Miles J. Mraz, Cicero, Ill., assignor to 
North American Aviation, Inc. 


Airplane design (178,220). John R. Clark, 
Lyman C. Josephs III, and Conrad A. 
Lau, Dallas, Tex., assignors to Chance 
Vought Aircraft, Inc. 

This design patent for a high wing jet 
fighter is the _— for Vought’s F8U-1 
Crusader, the Navy’s fastest interceptor. 
The leading edge of the variable incidence 
wing can be raised to increase the attack 
angle; therefore, the plane takes off and 
lands with wing high and nose low, giv- 
ing the pilot good visibility. It 1s es- 
pecially adapted for carrier operations. 
Announcement was made in September 
that the Crusader set an official U. S. 
speed record of 1015.428 mph. 
Self-propelled missile (2,752,850). 
W. Warner be William B. 
China Lake, Calif. 


Liquid pr Fern (2,753,683). Don R. 
Carmody, Crete, Ill., assignor to Standard 
Oil Co. 

An injection comprising triethyltri- 
thiophosphite and an oxidizer of nitro- 
methane and anhydrous nitric acid. 

Time delay fuze for a rocket (2,754,759). 
Kenneth L. Baker and Carl A. Axelson, 
Washington, D. C. 

Pair of booster charges and an arming 
member within the casing supported in a 
safe position, and adapted to be moved to 
an armed position when released. A firing 
plunger is moved to the firing position 
upon impact of the rocket with a target. 

Air intake system for an aircraft (2,755,- 
040). Alfons M. Pinkos, Norman B. 
Wilson, and Robert W. Se hroeder, Oak 
Ridge, Tenn., assignors to The Glenn L. 
Martin Co. 

Rocket motor (2,755,620). R. Y. Gillot, 
Paris, France, assignor to Societe Nouville 
des Establissments Brandt. 

An annular block of propellent within an 
elongated tubular casing, and an inner 
block of propellant disposed within and 
spaced from the block. One of the blocks 
is tapered rearwardly at its combustion 
surface. 

Rotating flow combustor [in a jet engine| 
(2,755,623). Antonio Ferri and Ira R. 
Schwartz, Baltimore, Md. 

Means for stabilizing fuel burning in an 
annular flow passage by imparting rotary 
motion to the fuel-air mixture before it 
reaches the flameholder. 


Arthur 
McLean, 


Rocket generator power supply (2,755,- 
737). Allen S. Clarke, Washington, D.C., 
assignor to the War Dept. 

Rocket fuse (2,755,738). Harry G. Jones, 
Jr., Casper J. Koeper, and Francis P. 
Gilhooly, Huntsville, Ala., assignors to 
the U.S. Army. 

Gas turbine engine with axial-flow com- 
pressor and bearing means for supporting 
the compressor rotor (2,756,561). F. W. 
Morley, Castle Donington, England, as- 
signor to Rolls-Royce, Ltd. 

Retractable arbor missile projector (2,756,- 
634). Herbert Allen, Madden T. Works, 
and Marvin R. Jones, Houston, Tex., 
assignors to the U. 8. Navy. 

Aircraft launching device, including a 
rocket-propelled ball screw and nut 


(2,756,950). Raymond E. Greenough, 
Berea, Ohio, assignor to The Cleveland 
Pneumatic Tool Co. 

Rotational motion between screw 


threaded elements moved by a tangentially 
mounted jet motor provides relative axial 
motion producing forces for assisting air- 
craft in takeoffs. 

Wingless aircraft design (178,410). Alex- 
ander M. Lippisch, Cedar Rapids, Iowa, 
assignor to Collins Radio Co.. 

Details of the design indicate that air 
enters the front of the body and is deflected 
downward by a series of vanes under the 
body extending from about the center of 
gravity to the vertical rudder. 


George F. McLaughlin, Contributor 


Thrust reversal and variable orifice for 
jet engines (2,753,684). William L, 
Greene, Colesville, Md., assignor to ACF 
Industries, Inc. 


Gas turbine engine with exhaust gas heat- 
ing means (2,753,685). Donald H. \Mat- 
tinson, Derby, England, assignor to Rolls- 
Royce, Ltd. 


Ramjet fuel regulator (2,753,686). 
S. Billman, Glastonbury, 
to United Aircraft Corp. 


Injection head for jet propulsion system 
(2,753,687). Zoltan R. Wissley and 
George L. MacPherson, Scotia, N. Y., as 
signors to General Electric Co. 
Combination liquid and solid propellent 
rocket (2,753,801). Joseph M. Cumining, 
San Marino, Calif. 

Liquid propellent chamber forward of a 
perforated partition within the body, and 
discharging through the perforations into 
the combustion chamber. A solid propel- 
lant is secured to the partition and dis- 
charged directly into the combustion 
chamber. 

Fuel control means for aerial jet-propelled 
bodies (2,753,882). Charles H. Bottoms, 
Simonstone, England, assignor to Joseph 
Lucas, Ltd. 

Thrust cylinder with integrated turbine 
(2,754,655). Hans T. Holzwarth, West- 
field, N. J., assignor to The M. W. Kellogg 
Co. 


Louis 
Conn., assignor 


N 


Jet propelled aircraft with wing- 
mounted jet engines (2,756,008). Ivor 
M. Davidson, Farnsborough, England, 
assignor to Power Jets (Research and 
Development) Ltd. 

In this design, several jet engines 
are separately mounted side-by-side 
between the wing spars. Engines c&n 
be readily detached and removed for 
inspection, repair, or replacement. 
Separate shallow ducts for each engine 
extend along the wing leading edge, and 
discharge is through long flattened noz- 
zles at the trailing edge, from wing tip 


to wing tip. The jet flow may be de- 
flected upward or downward by in- 
creasing or decreasing the angular 
attitude of a narrow flap hinged at the 
trailing edge. 

Recent independent American inves- 
tigations of means to suppress jet noise 
indicate that an exhaust in the form of 
a long thin slit would result in appre- 
ciable noise reduction. The idea is 
substantiated by the new “‘slit ex- 
haust”’ (rectangular trailing edge type) 
which has reduced noise in the Convair 
440 Metropolitan. 


Epiror’s Nore: The patents listed above were selected from recent issues of the Official Gazette of the U. S. Patent ‘Office. 
Printed copies of mee may be obtained at a cost of 25 cents each, from the Commissioner of Patents, Washington 25, D. C. 
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MEN, METHODS AND MACHINES 


Teamed to Serve You Better at 


FAIRINGS 
COWLINGS 


SHROUDS 
ENGINE MOUNTS 


SPECIALISTS IN STAINLESS STEEL, TITANIUM, NICKEL AND ALUMINUM ALLOYS 

ENGINE DUCTS 

COMBUSTION CHAMBERS 

BURNER SUPPORTS 

COMBUSTION LINERS 


ont : 


EXHAUST NOZZLES 
TAIL PIPES 

FLAME HOLDERS 
ENGINE CASINGS 


TO RIGID GOVERNMENT SPECIFICATIONS BY CERTIFIED PERSONNEL AND EQUIPMENT 
SHELTERS 

REFLECTORS 
CONSOLES 
NACELLES 


Lavelle’s services include engineering, production planning, tool making, machine 
shop and sheet metal facilities . . . resistance, inert gas, and metallic arc welding, 
painting, anodizing, testing and quality control. 


Zduwhle Ss. 


Lavelle Aircraft Corporation * Newtown, Bucks County, Pa. 
Between Philadelphia, Pa., and Trenton, N.J. 


ENGINE, MISSILE, —— AND ELECTRONIC COMPONENTS 
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This illustrated brochure describes Lavelle’s 
specialized fabricating services in detail. 
Write for a copy without obligation. 


NOVEMBER 1956 


for 7 
\ \ i | 
» | 
wee 
\ 
4 
| 
~ | 
— 
/ 
@ex 
> 4 
401 
; 
- 
r 
a 
= 
(J 
Cy 
) - 
fice. 


UNUSUAL 


OPPORTUNITIES 
AT ARMA 


New | je projects assure not only chal- 
lenging, high: el creative work, but security 

stability as well. Excellent starting 
wan plus all the resort and cultural advantages 
of suburban Long Island living. 


A Digital Computer Engineers for application 
of transistorized digital computers to Fire Con- 
trol, Nav igation and Missile Guidance Systems. 
Op in Ci Applications, Logical 
Design, Dynamic Analysis, Circuit Develop- 
ment, C Dev Packaging 
Design and Field Evaluation. 


B Transistor Circuit Engineers for applica- 
tions in Fire Control, Navigation and Guidance 
Systems, utilizing analog and digital computing 
techniques. 


C Systems Evaluation. Experience necessary 
in the following areas: Systems Analysis— 
Evaluation methods and techniques, data re- 
quirements, error analysis. Project Engineer- 
ing—Planning functions, program scheduling, 
facility requirements. Instrumentation—Elec- 
trical and mechanical design of ground and air- 
borne instrumentation. Telemetry—Ground 
and airborne telemetry systems and telemetry 
checkout equipment. 


D Data Reduction & Analysis Engineers. 
Experience required: General planning for 
Data Processing, including estimating and 
scheduling; specification of data transcription 


and techni ; preparation of 
computational requirements, procedures, and 
knowledge of hine progr mathe- 


matical studies, equation formulation, digital 
smoothing and filtering techniques: data re- 
duction equipment, functional design and 
project engineering. 


E Missile Guidance Systems Engineers to 
work in the areas of System Synthesis (mathe- 
matical & functional); System Analysis and 
Evaluation (dynamic & error); System Instru- 
mentation, System Integration (electrical & 
mechanical compatibility); System In-Plant 
Test. Degree in E.E., Physics or Mathematics 
necessary, with active participation in any of 
the following fields: Advanced mathematics: 
guidance and control systems; statistical error 
analysis; inertial navigation systems; stable 
platform; analog or digital computing systems 
optical systems. 


F Electronic Systems. Advanced systems 
analysis and research in the fields of: Radar, 
Counter-measures, Guidance, Navigation, 
Communication, Propagation. B.S., M.S., or 
Ph.D., with heavy experience in military air- 
borne and ground systems. 


Fill ou’ and mail the coupon to indicate your 
interest in any of these obs. Or, simply check 
the second box if you would like to receive a free 
copy of *AN ANSWER RE: GUIDANCE,” 
containing five technical papers discussing im- 
portant questions relating to Inertial Navigation. 


Division American Bosch Arma Corp. 

Roosevelt Field, Garden City, L. I., N. Y. 

Technical Employment Dept. J-674 

Gentlemen: 

( ) Please send me additional informa- 
tion concerning the job coded 


( ) Please send me a copy of “AN 
ANSWER RE: GUIDANCE.” I 
understand I am under no obliga- 

tion. 


NAME__ 


ADDRESS 


ciTy 


ZONE STATE 
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Book Reviews 


Ali Bulent Cambel, Northwestern University, Associate Editor 


The Men Behind the Space Rockets, by 
Heinz Gartmann, David McKay Co., 
Inc., New York, 185 pp. $3.95. 


Reviewed by S. F. Sincer 
University of Maryland 


Mr. Gartmann offers a very readable, 
nontechnical account of the early history 
of space flight. He concentrates mainly 
on the leading personalities responsible 
for the present development of the space 
flight field. There is, for example, a chap- 
ter each on Ganswindt, Tsiolkovski, 
Goddard, Oberth, Valier, Sanger, Zborow- 
ski, and Wernher von Braun. The book 
contains an abundance of pictures and 
many personal anecdotes and stories which 
this reviewer, at least, has not seen pub- 
lished before. To sum up: Very light 
but interesting. 


Aeroelasticity, by Raymond L. Bis- 
plinghoff, Holt Ashley, and Robert L. 
Halfman, Addison-Wesley Co., Inc., 
Cambridge, Mass., 1955, ix + 860 pp. 
$14.50. 

Reviewed by E. E. SecHier 
California Institute of Technology 


This book is an encyclopedic collection 
of the many subjects underlying the all- 
encompassing field of aeroelasticity. As 
the name implies, aeroelasticity is essen- 
tially the coupling of aerodynamic and 
elastic systems; however, since in the 
broadest sense both of these systems may 
be dynamic as well as static, both static 
elasticity and vibrations must be con- 
sidered as well as static and dynamic 
aerodynamic forces. With the addition 
of the necessary mathematical knowledge 
to properly treat the various problems, 
the task of writing a textbook attempt- 
ing to cover the entire field in one volume 
is a difficult one. The authors of the 
present textbook have accomplished this 
task in an admirable manner. 

The organization of this book is logical, 
going as it does from the relatively simple 
to the complex in each of the subjects 
treated. Starting with a treatment of the 
structural or elastic tools in Chaps. 2 
through 4 (Chap. 1 isa general introduc- 
tion to the subject), the authors begin by 
establishing the background equations of 
static elasticity and then proceed to dis- 
cuss the problem of deformations under 
dynamic loading conditions. At all times 
the emphasis is on the application of these 
principles to airplane structural con- 
figurations, such as wings, fuselages, and 
tail surfaces. Many examples are worked 
out in detail in order to illustrate methods 
which have previously been discussed in 
general terms. 

The treatment of the underlying struc- 
tural tools is followed by a similar review 
of the aerodynamic tools, presented in 
Chaps. 5, 6, and 7. Again, going from 
the simple to the difficult, the work starts 
with two-dimensional incompressible flow 
and gradually proceeds through three- 
dimensional incompressible flow, into 
simple compressible flow phenomena, and 


finally discusses wings and_ bodies in 
three-dimensional, unsteady, compressible 
flow. 

With the groundwork now laid, the 
authors begin to integrate the problems 
of elasticity and aerodynamics by first 
treating static aeroelastic phenomena 
(Chap. 8), simple flutter (Chap. 9), and 
finally the subject of dynamic response 
(Chap. 10). 

In the first ten chapters, the authors 
have shown that many of the theorctical 
equations are difficult, if not impossible, 
to solve exactly. This raises the question 
of obtaining solutions by experimental 
methods and this problem is treated in 
the remaining three chapters of the book. 
Chap. 11 covers aeroelastic model theory; 
Chap. 12, model design and construction; 
and Chap. 13 outlines various testing 
techniques both for full scale and model 
scale systems. 

Finally, an appendix gives a very short 
outline of some of the required mathe- 
matical tools, such as matrices, integra- 
tion by weighting numbers, and linear 
systems. 

A mere review of the subject matter 
covered in a book of less than 900 pages 
indicates that the material must be highly 
condensed. For this reason, this is not a 
book particularly suited to the person who 
wants a broad descriptive picture of the 
subject of aeroelasticity but it is much 
more suited to the mature engineer who 
already has a sound background knowledge 
of mathematics (including matrices and 
complex function theory ), elasticity, vibra- 
tions, and aerodynamics (including com- 
pressible flow theory). For such a per- 
son, the book will be an extremely valuable 
condensation of the present state of 
knowledge of this new science; in addi- 
tion, it offers a comprehensive bibliography 
of the literature on the subject that will 
permit the serious investigator to pursue 
any single phase of the subject to an) 
degree of detail desired. 

The three authors of the book are 
eminently suited for the task they have 
so successfully undertaken. They have 
all been associated with a group at MIT 
that has been engaged in the study of 
aeroelastic phenomena ever since flutter 
was found to be important in aircraft 
design and, furthermore, has pioneered in 
the experimental techniques designed to 
obtain aeroelastic data from wind tunnel 
models, as well as full scale flight testing. 
They have presented the state of the art 
in an extensive and critical manner, not 
only outlining what is known, but in 
many cases also indicating where knowl- 
edge is limited and where more theoretical 
and experimental research is called for. 
Even though detailed applications and 
techniques may be expected to change 
rapidly in the next few years (as is always 
the case in a new field), the basic principles 
covered in this textbook will make it a 
valuable reference source for any engineer 
or scientist interested in aeroelastic phe- 
nomena as applied to aircraft. 
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ENGINEERS 


Aerodynamics & Propulsion 


APL-An Organization 
Of And For Technical 
Men And Scientists 


The Applied Physics Laboratory, 
(APL) of the Johns Hopkins Uni- 
versity is an organization of and 
for technical men and scientists. 
APL is organized on a horizontal 
basis; responsibility and authority 
are given in equal measure. Scien- 
tists and technical men occupy all 
decision-making positions, because 
our only objective is technical prog- 
ress, 


Because of its predominantly pro-— 
fessional character, APL has kept — 
in the vanguard, having pioneered 


Bumblebee family of missiles which 
includes the TERRIER, TALOS 
and TARTAR, and is presently at- 
tempting break-throughs on several 
important fronts. 


the proximity fuse, the first super- ’ 
sonic ramjet engine, the Navy’s 7 


Occupying a site equidistant from 
Washington, D. C., and Baltimore, 
Maryland, APL’s new laboratories _ 
allow staff members to select — 
suburban or rural living, and either 

of these outstanding centers of cul-— 

ture as a focal point for fine living. © 
Salaries compare favorably with 


those of other R & D organizations. — 


OPENINGS EXIST IN: 
DEVELOPMENT: Stability and 


analysis; ramjet engine design; pre- 
liminary design and wind-tunnel 
testing. 


RESEARCH: Interference and heat 
transfer phenomena; internal aero- 
dynamics; hypersonics, turbulence, 
shock wave phenomena; combus- 
tion. 


Write for complete information. 
Your letter will be answered per- 
sonally, in detail. 


To: Professional Staff Appointments 


The Johns Hopkins University 
Applied Physics Laboratory 


8617 Georgia Avenue, Silver Spring, Md. 


NovEMBER 1956 


New York: 
New England: 
Cleveland: 
Detroit: 
Chicago: 


ANNOUNCING 


JET PROPULSION’s 


Second Annual Special Supplement on — 


CAREERS IN THE 
ROCKET AND MISSILE INDUSTRY 


to be published in February, 1957 
EXPECTED DISTRIBUTION: 


7,000 Paid subscribers to JET PROPULSION. 


15,000 College and university engineering and science students. Copies will 
be distributed through professors who are themselves active in rocket 


and missile research or teaching. 


15,000 Selected high school and prep school students interested in science 
and engineering. Copies will be distributed through the Education 
Committees of the American Rocket Society's thirty regional sections 
and the students’ science teachers. 


37,000 TOTAL 


Consisting of articles prepared on JET PROPULSION work sheets, 
written by the advertisers themselves, on careers offered to 


Here is a list of the advertisers in last 


potential employees. 
year’s edition: 


Aerojet-General Corp. 
Aerophysics Development Corp. 
Areophysics Research Group, 

N 


MET. 

Allied Research Associates, Inc. 

Applied Physics Laboratory 
The Johns Hopkins University 

American Machine and Foundry 
Co., Turbo Engineering 
Department 

Armour Research Foundation 
Illinois Institute of Technology 

Atlantic Research Corp. 

AVCO Manufacturing Corp. 

Battelle Institute 

Bendix Products Division 
Bendix Aviation Corp. 

Bulova Research and Development 
Laboratories, Inc. 

Chicago Midway Laboratories 

Curtiss-Wright Corp. 

Experiment, Inc. 

Fairchild Engine and Airplane 
Corp., Engine Division 

Firestone Tire and Rubber Co. 
Guided Missile Division 

Ford Instrument Co. 


General Electric Co. 


Grand Central Rocket Co. a: 


Hughes Aircraft Co. on 
International Business Machine 


Corp. 

Kellogg, The M. W. Co. 

Land-Air, Inc. 

Little, Arthur D., Inc. 

Martin 

Pan American World Airways 
System, Guided Missiles Range 
Division 
Ramo-Wooldridge Corp. 

Reaction Motors, Inc. 

Republic Aviation Corp., Guided 
Missiles Division 

Rocketdyne 
A Division of North American 
Aviation, Inc. 

Rohm & Haas Co. 
Redstone Arsenal Research 
Division 

Thiokol Chemical Corp., Rocket 
Divisions 

Thompson Products, Inc., 
Accessories Division 

Western Gear Corp. 


RATES 


A space rate of $500 per page will be charged all advertisers in 
the CAREERS supplement. Advertisers will be billed at cost for 


cuts made. 


Publishing date: February 10, 1957 
Closing date: December 21, 1956 


JET PROPULSION 


Journal of the American Rocket Society 


500 Fifth Avenue, New York 36, New York 


Contact nearest JET PROPULSION representative: © 


Emery-Harford, 155 E. 42nd St., MUrray Hill 4-7232 _ 
Harold Short, Holt Road, Andover, Mass., Andover 2212 
Rodney W. Cramer, 852 Leader Bldg., MAin 1-9357 
R. F. Pickrell & Associates, 318 Stephenson Bidg., TRinity 1-0790 
Jim Summers, 400 N. Michigan Ave., SUperior 7-1641 
s Angeles: 4.C. Galloway & J. W. Harbison, 6535 Wilshire Blvd., Olive 3-3223 
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| Linearized Theory of Steady High Speed 
Flow, by G. N. Ward, Cambridge Uni- 

Press, 1955, 243 pp. $6. 

? Reviewed by ALFRED RITTER 


Armour Research Foundation 

Illinois Institute of Technology 
=. linearized theory of high speed 
flows has received considerable attention 
by aerodynamicists and mathematicians, 
both here and abroad, during the past ten 
years, and recently a large portion of this 
work has been summarized, e.g., Ward, 
Temple in “Modern Developments in 
Fluid Dynamics,’’ vol. I, 1953, and Sears, 
Heaslet and Lomax in “‘High Speed Aero- 
dynamics and Jet Propulsion,’’ vol. VI, 
1954. The present monograph is a worthy 
addition to the current literature and pre- 


sents a unified approach to the problem of 
steady, linearized high speed flows. The 
text is divided into three parts, and in the 
first part, on general theory, an attempt 
has been made to develop logically the 
linear theory for steady flows giving par- 
ticular attention to the underlying assump- 
tions. The equations of motion for an 
inviscid, nonconducting fluid are consid- 
ered, and the genesis of linearized theory is 
discussed and applied to rotational as well 
as irrotational flows. Extensive use has 
been made of vector notation throughout 
this development. The general solutions 
of the linearized equations for subsonic 
and supersonic flow are _ presented. 
Uniqueness of solution is discussed briefly 
and the concept of the ‘‘finite part’’ (Had- 
amard, 1923) of a divergent integral is 


new ALUMICC 
gteei end its 


introduced. Concluding this first part 
on general theory is a chapter devoted 


to boundary conditions, aerodynamie 
forces, uniqueness, and flow reversal 
theorems. 


The second part, on special methodg 
considers briefly the subsonic flow past 
thin bodies, including the well-known 
Prandtl-Glauert rule. However, the treat- 
ment of the supersonic flow past wings 
of finite span is rather detailed and 
follows earlier developments by Evvard, 
A chapter on the linearized theory of 
supersonic conical flow fields is included 
and follows the treatment of Goldstein and 
Ward (1950). To conclude the section on 
special methods, a chapter is devoted to 
the Heaviside operational method in the 
solution of the flow past axially symmetrie 
ducts of nearly constant radius wherein 
the meridian section has small slopes rela- 
tive to the tube axis on both externa! and 
internal surfaces. 

Rounding out the text is the section on 
slender body theory. The linearized po- 
tential for subsonic and supersonic flow 
past a body of revolution is derived and 
extended to include flows past more gen- 
eral bodies. Forces and moments are 
calculated with applications to bodies o 
revolution, plane wings of low aspect 
ratio, and winged bodies of revolutiot 
Concluding the section is the treatment 
(Lighthill, 1948) of the supersonic flow 
past a body of revolution wherein the slope 
of the meridian cross section is discontinu- 
ous. 

This monograph is definitely not a text- 
book, but rather a concise presentation of 
the more important aspects of linearized 
theory. It is intended for use by aero- 
dynamicists and mathematicians who are 
working on the problems of high speed 
flow, and the excellent bibliography of 
some 200 entries should be quite helpful. 


Book Notices 


Jet Engine Manual, by E. Mangham 
and A. Peace, Philosophical Library, New 
York, 1955, 133 pp. $3.75. This volume 
is written for those who are engaged in the 
operation and maintenance of turbojet 
and turbopropeller engines. The practical 
aspects of the subject are emphasized in a 
concise manner. 


Fundamental Formulas of Physics, ed- 
ited by Donald H. Menzel, Prentice-Hall, 
New York, 1955, 765 pp. This volume is 
an excellent handbook of fundamentals 
presented in the most concise manner 
Each chapter is written by an author 
known for his own contributions to the 
field. This compilation includes the as- 
pects of physics which are of interest to 
the propulsion engineer. 


Du Wirst die Erde sehn als Stern, by 
Wolfgang D. Miiller, Deutsche Verlags- 
Anstalt, Stuttgart, Germany, 1955, 316 
pp. DM 14.80. The author discusses 
the nontechnical problems of space flight 
for the layman. He enters into the realms 
of philosophical speculations concerning 
the future of mankind and life on other 
planets. Although the book is of popular 
nature and emphasizes some of the more 
romantic aspects, it is interesting and not 
misleading. 
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L. K. Edwards (center), advanced design and systems 
analysis department head, discusses launching of a ballistic 
missile with W. P. Gruner (left), head of weapons systems 
integration, and Systems Analyst G. W. Flynn. 


ham 
Vew 
ume 
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ojet 
ical 
ina | There are shew areas in epee engineers and scientists can apply 
their abilities so broadly as in Lockheed’s concept of systems 
analysis. Lockheed systems analysis staff members engage 

eis § importantly in virtually every phase of missile preliminary design 


and development as they: 


MISSILE SYSTEMS DIVISIO!) 


tes » formulate overall analytical treatment research and engineering staff 


» perform original analyses when problems defy conventional 


LOCKHEED AIRCRAFT CORPORATION 
by =» coordinate analytical activities among different departments 
ses | Because Lockheed is involved primarily in frontier activities, its VAN NUYS*+ PALO ALTO+ SUNN YVAL 


zht § systems analysis emphasis is on new approaches, new techniques, 
ing | Rew ideas. It is work that calls for flexible, creative minds. 


\ 


lar | Inquiries are invited from engineers and scientists possessing 
those attributes. Positions are open e both Van Nuys and ; 
Sunnyvale, California, centers. 
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DOUGLAS LINK 


TO BUILD FIRST DC-8 JET SIMULATOR 


— 


OF 


AERONAUTICAL 


have made vital contributions to the progress of jet avigl lat 
tion and its expansion into the civil transport field. Mamey « 
have won recognition as the finest in the industry, bengfe h: 
marks of American technology. Ke 

Whole generations of airmen, for instance, hagjonal 
been trained in flight simulators developed and produc@ §¢i) 
by Link, pioneer of on-the-ground flight training. Tiisio 
GPE Company has delivered over 800 jet flight sim ing 
lators—more than all other manufacturers put toge héhigati 
It has just been selected, on the basis of superior tech self. 
nology and equipment; to produce America’s first sims of 
lators for jet air liners. Link-developed DC Computhir a 
Systems in Link supersonic simulators are the only 00ftems 
meeting the needs of these advanced aircraft. bition 

Equally dominant are the gyro-magnetic compayof i 
systems of Kearfott, another GPE Company. This come ar 
pany’s new lightweight J-4 Compass System weighs onf T}, 


GENERAL 


92 NEW 38, NEW YORK 


4 
| “QKEARFOTT AND AVIATION. 
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SSS 4 | Kearfott* 
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a navigation system that 
solves jets’ problems 


.GpL} General Precision Laboratory incorporated 


tM Sounds. Yet it provides accurate heading information 
et avigl latitudes, is rugged enough to maintain its high ac- 
I. Matfiey despite the jolts and speeds of jet flight. The Air 
, bende has just selected it as standard for all new fighter 
. Kearfott’s N-1 Compass System has been the navi- 
>, haffmal standard for Air Force bombers for 5 years. 
oduc Still another member of the GPE Group, General 
g- 1lfision Laboratory, has developed and is currently 
t simifing quantity deliveries of the most advanced airborne 
geth@iration systems in use. These GPL systems, which 
r tec vlf-contained and fully automatic, have flown mil- 
t sims of operational miles with unprecedented accuracy. 
adaptations to civilian jet needs—-GPL’s RADAN 
ly Otftems—are expected to make equally far reaching con- 
butions to the commercial jet transport field—in the 
»mpafy of increased safety, fuel economy, passenger conven- 
S cole and efficient use of limited air space. 
18 Mf These are but some of the accomplishments in avia- 


T 


EGPE GROUP Ampro Corporation @ 
Precision Laboratory Incorporated @ 
Kearfott Company, Inc. Librascope, Incorporated @ 
Pleasantville Instrument Corporation ® 
Society for Visual Education, Inc 


Askania Regulator Company @ 
The Griscom-Russell Company 
Link Aviation, Inc. 
Precision Technology, Inc. @ 

The Strong Electric Corporation @ 


Sightseeing at 700 mp h.-NAVY STVLE 


fisrascore 
Cc 3 


tion for which GPE Companies, working in conjunction 
with the Armed Services, are responsible. Librascope, an 
important member of the Group, produces outstanding 
instruments and equipment for the field. Librascope’s 
computers, its highly advanced equipment for photo- 
reconnaissance work and photogrammetric equipment 
for the interpretation of photo data, its periscopes, pilot 
and navigator finders, are all leaders. Several GPE Com- 
panies are deeply involved in inertial guidance, guided 
missile projects and certain nuclear power applications. 


In all GPE achievements in the numerous industries 
in which the companies work, GPE Coordinated Preci- 
sion Technology plays an important part by inter-relating 
the wide range of skills and resources of the Group. This 
operating policy, and each company’s unremitting in- 
sistence on highest quality, are major reasons for the fre- 
quency with which GPE systems and equipment continue 
to set standards in their fields. 


Bizzelle Cinema Supply Corporation @ 
@ The Hertner ElectricCompany 
J. E. McAuley Mfg.Co. @ National Theatre Supply 
SEC-o-matic Corporation @ Shand and Jurs Co. 
Theatre Equipment Contracts Corporation 
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Bludworth Marine 
International Projector Corporatio: 
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New Equipment and Processes_ 


Equipment 


Electrical, Electronic 


Missile Fire Control. Automatic open- 
ing of rocket pods, launchers, etc.; se- 
cures on airframe. Abrams Instrument 
oe ., 606 E. Shiawasse St., Lansing 1, 
Mic 


Power Supply. For missile, rocket use, 
this de to de transistorized unit weighs 2 
lb, delivers 50w from 24v input. Universal 
Atomies Corp., 19 E. 48 St., New York 17, 


Guided Missile Tubes. Subminiatur: 
series includes pentodes and _triodes 
Sylvania Electric Products, 1740 Broad- 
way, New York 19, N. Y. 


Explosive Igniters. Wide line for ig- 
niters or pressure-actuated systems. Mc- 
Cormick Selph Associates, 62 Hollister Air- 
port, Hollister, Calif. 


Pancake Rectipot. Model 86125A is a 
miniature spring-loaded linear motion po- 
tentiometer. Stroke range of 0.1-0.5 in. 
at 1000 and 2000 ohm. For fire control 
systems. G. M. Giannini & Co., 918 E. 
Green St., Pasadena 1, Calif. 


Test 


Pulse Camera. Bell & Howell 200-P 
has pulse length of 30 ms for !/:90 see ex- 
posure. Built-in heater. 50-ft magazine, 
16 mm. Triad Corp., 4515 Sepulveda 
Blvd., Sherman Oaks, Calif. 


Dynamic Shock Testing. Hyge Actua- 
tor simulates high loads, delivers 12,000-lb 


Modular units provide adapta- 
Consolidated. Elec- 
1775 


thrust. 
bility to many tests. 
trodynamics Corp., Rochester Div., 
Mt. Read Blvd., Rochester 3, N. Y. 
Radiation Pyrometers. for mea- 
surements in 60-1300 C range, IR-1 to 1000 
Servo Corp. of America, 20-20 — 
Turnpike, New Hyde Park, L. A 


Digital Flow Rate Indicator. Direct- 
reading, in-line, integrated. Specific gra- 
vity range of 0.5 to 1.5. Fisher & Porter 
Co., 785 Jacksonville Rd., Hatboro, Pa. 

Temperature Indicator. Scale of —100 
to 600 F and 300-900 C with thermo- 
couples. Features 1/;% accuracy and 
0.8-sec full scale response. Handley 
14758 Keswick St., Van Nuys, 

alif 


Rectilinear Recorder. Direct writing 
6-in. strip recorder; 1 ma gives full scale 
(4!/--in.) deflection in 1/, sec. 2 cps un- 
dam frequency. 100-ft chart with 
s s of in./min. or in./hr. Houston 

echnical Labs., 370 Buffalo Speedway, 
Houston 6, Tex. 


Materials 


Protected Wire Assemblies. Scinseal 
polyvinyl chloride plastisol. Fused at 
300-350 F. Gives flexible seals for leads 
and junctions. Scintilla Div., Bendix 
Aviation Corp., Sidney, N. Y 


Porous Metal Sheet. Varaperf sheets 
are available in wide variety of metals, 
sizes, and gages. BLC Porous Materials 
Co., 1955 Lafayette St., Santa Clara, 
Calif. 

Titanium. Corrosion-resistant in sheet 
and bars, pure or alloyed. Mallory- 
Sharon Titanium Corp., Niles, Ohio. 

Honeycomb. Stainless steel, _ resin 
bonded with cell sizes */;, to 3/gin. Densi- 
ties of 3.4-12.6 lb/ft®. Hexcel Products, 
951 Sixty-First St., Oakland 8, Calif. 


MOLYBDENUM PROGRESS 


After seven years on a Navy-sponsored 
major research and development program 
on molybdenum-base alloys for high- 
temperature applications, materials en- 
gineers gathered in Detroit on Sept. 18 to 
compare notes. 

Among other things, they learned that 
various coatings to protect molybdenum 
surfaces from oxidation—the most serious 
drawback to high temperature use of the 
metal—are under development, and re 
cent work indicates that coatings to permit 
operation at temperatures of 1800 F to 
2000 F may be near at hand. 

Too, they heard that molybdenum alloys 
had already been developed which retain 
useful strength properties up to at least 
2000 F and that engineers are now work- 
ing on alloys and protective coating which 
can operate at temperatures considerably 
above 2000 F. 

Applications of molybdenum and molyb- 
denum-base alloys, of course, are not con- 
fined to aircraft and weapons. But mili- 
tary interest very definitely lies in their 
potential as construction materials for 
such high temperature applications as jet 
engine and missile parts. 

Current alloys are approaching the 
maximum limit of performance, says 
Office of Naval Research; and the higher 
temperatures at which aircraft and weap- 
ons of advanced design must operate call 
for better materials. Molybdenum al- 
loys, ONR feels, could be the answer. 
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What’s beyond?—Here, at the West's largest jet engine research and development center, Marquardt's newly created 
reséarch division is already probing into the most advanced concepts of supersonic and hypersonic flight, researching 
new chemical fuels and nuclear energy, integrating advanced propulsion schemes with aerodynamic requirements. 


To€ontinue this research, effectively, we need additional qualified research scientists and engineers in supersonic and 
hypersonic flight and related fields. We need explorers looking for a future in an atmosphere of individual professional 
development and continued academic training. We need men whoare right now saying to themselves, ‘‘ What's beyond?": 


Call or write today. 
MARQUARDT AIRCRAFT COMPANY, Research Division 


Attention: John A. Drake, Director of Research 
16556 Saticoy Street, Van Nuys, Calif. » STate 5-836] 
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M. H. Smith, Associate Editor, and M. H. Fisher, Contributor 
The James Forrestal Research Center, Princeton University 


a by A. Betz, Zeittschr. Stamper, and Newell D. Sanders, ACA 
Heat Transfer and Flugwiss., vol. 4, May- y—June 1956, pp. RM E9LO9, Sept. 1949, 51 pp. (Declas- 
Fluid Flow aie? 166-169 (in German). sified from Confidential, NACA Research 
Velocity Discontinuity Instability of a  Astracts no. 101, May 25, 1956, p. 9.) a 
Liquid Jet, by B. Dunne and B. Cassen, Kinetic Energy of Relative Motion, by 
Enein XL. Int Ss Appl. Phys., vol. 27, June 1956, pp. Joseph O. Hirschfelder and John 8. Daher, 
eter Ble 577-582. J. Chem. Phys., vol. 24, June 1956, pp. 
Francis Stepka and Morton H. Krasner, Pulse Testing a Model Heat Exchange 1258. 
NACA RM 5221, June 1952, 45 pp. Process, by Sidney Lees and Joel O. Heat Transfer Between Solid Particles 
(Declassified from . Confidential, "NACA Hougen, Indust. Engng. Chem., vol. 48, and Gas in a Rocket Nozzle, by Peter 
Research Abstracts no. 102, ine 22, June 1956, pp. 1064-1068. L. P. Dillon and Lloyd E. Line, Jr, 
1956, p. 16.) Dynamic Characteristics of Double- —— Inc., TP-101, April 1956, 
Experi Investicati f Air- Pipe Heat Exchangers, by William C. °+ PP- 
Cooled , ermal Turbojet Engine. XIL Cohen and Ernest F. ‘Johnson, Indust. Analysis of Viscous Incompressible and 
Engng. om vol. 48, June 1956, pp. Compressible Flows Through Axial Flow J). 


Cooling Effectiveness of a Blade with an 
Insert and with Fins Made of a Continuous 
Corrugated Sheet, by Edward R. Bartoo 
and John L. Clure, NACA RM E52F24, 
Aug. 1952, 33 pp. (Declassified from 
Confidential, NACA Research Abstracts 
no. 102, June 22, 1956, p. 16.) 

Composition Change in Binary Com- 
ponent Spray Vaporization at oe 
Pressure, by J. F. Culverwell and P. W. 
Grounds, Jr., Project Squid Tech. Rep. 
NTI-63-P, March 1956, 14 pp. (Avail- 
able only on microcard. ) 

Three Dimensional Flow Through an 


Axial Compressor, by J. Valensi, Univ. (Available only on microcard.) A Study of the End Wall Boundary 
D’ Aiz-Marseille _ Inst. Mech. Fluides, Cooling of Ram Jets and Tail Pipe Layer in an Axial Compressor Blade Row, 
Quart. Rep. 7, Feb. 28, 1955, 28 pp. Burners—Analytical Method for Deter- by Raymond W. Moore, Jr., and David L. 
(ASTIA AD-80, 176). mining Temperatures of Combustion Richardson, Massachusetts Inst. Tech. 

Approximation Equations for Circula- Chamber Having Annular Cooling Pas- Gas Turb. Lab. Rep. 33, Oct. 1955, 19 
tion Distribution Around Closely Spaced sage, by William K. Koffel, Eugene pp., 34 figs. 
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Dynamics of Concentric 
Pipe Heat Exchangers, by J. M. Mozley, 
Indust. Engng. Chem., vol. 48, June 1956, 
pp. 1035-1041. 

On the Wake Energy of Moving Cas- 
cades, by N. H. Kemp and W. R. Sears, 
J. Appl. Mech., vol. 23, June 1956, pp. 
262- 268. 

Heat Transfer of a Laminar Pipe Flow 
with Coolant Injection, by 8S. W. Yuan 
and A. B. Finkelstein, Project Squid 
Tech. Rep. PIB-27-P, March 1956, 9 pp. 


Turbo-Machines with Infinitesimal and 
Finite Blade Spacing, by T. Paul Torda, 
Wright Air Dev. Center Tech. Rep. 55-231, 
March 1956, 105 pp. 

The Solution of Steady State Heat Con- 
duction Equation with Chemical Reaction 
for the Hollow Cylinder, by J. W. Enig, 
Navord Rep. 4267, April 1956, 8 pp. 

Flow of Gas Through Turbine Lattices, 
by M. E. Deich (translated from Russian 
ae Technical Gasdynamics, 1953, Ch. 

pp. 312-420). NACA TM _ 1393, 
1956, 136 pp. 


pe ELECTRICAL CONNECTOR 


THE FINEST 


_ MONEY CAN BUY! 


When you specify Bendix Scinflex* electrical connectors you can 

be certain of receiving the finest possible service from a product 

that is the result of advanced engineering design and the most 
odern production techniques. 

Significant proof of the ‘outstanding performance and 

liability of these connectors is given by the fact that, within a 

‘latively short period of time after the start of manufacturing 

perations, Scintilla Division of Bendix has achieved a recognized 

osition of prominence in the electrical connector manufacturing 
industry. 

Further reassurance is offered the user by the fact that Bendix 
Scinflex electrical connectors are backed by a nation-wide field 
service organization and by especially trained, well-staffed and 
adequately stocked distributors. 

AVIATION PRODUCTS: Low and high tension ignition systems 
for piston, jet, turbo-jet engines and rocket motors . . . ignition 
ngs . radio we +009 harness and noise filters . . . switches 

. booster coils . . . electrical connectors. *REG. U.S. PAT. OFF 


BACKED by t engineering 
and manufacturing facilities. 


BACKED by Scintilla Division 
field service specialists. 


SIDNEY, NEW YORK 


AVIATION CORPORA TION 


SCINTILLA DIVISION of 
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Top photo shows missile tank constructed of two forged 
and machined end cops and center section of tubing. 
Middle photo shows assembled tank. The Uniwelds are 
locoted in the approximate center of the bright machined 
bands. Bottom photo shows a tank that has been pres- 
sured to bursting with 21/2 times normal operating 
pressure. Note that the split crosses both weld planes 
with no tendency to divert and follow the weld— 
graphic proof of 100% parent metal weld strength. 


Missile components, like the overall Missile System, have demanded that their 
designers and engineers pioneer with fresh thinking and new ideas in order to 
keep abreast of modern guided missile research and development. A case in 
point is MENASCO’S design and production of air tanks for the Nike missile 
featuring MENASCO’S now-famous Uniweld process, an exclusive method of 


pressure welding. 


The twelve-inch diameter welds in the Nike tank fuse in two operations approxi- 
mately 34 square inches of alloy steel. Because the Uniweld maintains parent 


> metal strength, no increase in local wall thickness is needed and the tank becomes 
virtually a one-piece vessel. 

One of MENASCO’S Uniweld machines in 

operation. This exclusive MENASCO pro- , rs 

cess is gaining wide acceptance in the | 

aircraft and missile fields. 


Thus, MENASCO’S pioneering work in Uniwelding of missile tanks has opened 


the difference. 


entire new fields of pressure vessel applications where high strength welds make 


eh: 


Specialists in Aircraft Landing Gear 


menasco manufacturing Company 


805 SOUTH SAN FERNANDO BOULEVARD, BURBANK, CALIFORNIA 
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DOUGLAS ROESCH 


Electronic system design and performance no longer 
need to be compromised because of lack of 
adequate electrical connections between system 
elements. Environments including critical tempera- 
tures (—85° to + 410°F)...High G... metal 
burning velocities ...extreme vibration...pressure 
or vacuum...abrasion...flexing...or severe 
electrical loads. D-R Cables spell performance, 
durability, stability... wholly new design horizons. 


Write for complete facilities 
brochure...let us help you 
system engineer your com- 
plete layout. 


A D-R Custom Cable can meet 
your most critical missile, air- 
frame or automation electronic 
system requirements. 


Engineers, investigate your future with Douglas Roesch 


ouglas 2950 NO. ONTARIO ST. i 


loesch BURBANK, CALIFORNIA 


a DIVISION of HALL-SCOTT, Inc. all 


Custom ELECTRONIC CABLES 


extend your design possibilities 


THE PLANETARY CABLER and other 
Roesch-developed, exclusive equip- 
ment allow D-R to fabricate cable 
to your individual needs. 


ROUND OR FLAT, lozenge, eliptical 
shape or any combination in a 
single length of cable available 
at D-R. 


CABLES CAN BE CUSTOMIZED with 
electronic conductors, steel, 
nylon or teflon for strength; 
elastic shock cord, pneumatic or 
hydraulic hoses. 


we 


Combustion 


The Measurement of the Sensitivity, 
Time Lag of Explosion and Burning 
Velocity of Explosives by Drop Test 
Techniques, by T. K. Collins and M. A. 
Cook, Utah Univ. Tech. Rep. 48 on 
Adiabatic Decomposition of Explosives, 
Dee. 15, 1955, 55 pp. 

Generalized Equations and Procedures 
for the Calculation of Detonation Pa- 
rameters. Case 1. Ideal Gaseous Mix- 
tures, by Robert G. Dunn and Bernard T. 
Wolfson, Wright Air Dev. Center TN 
54-13, March 1956, 79 pp. 

Ignition of Double Base Propellants by 
Detonating Gases, Utah Univ. Ins’. for 
the Study of Rate Processes, Explusives 
Res. Group, Tech. Rep. 5, Nov. 1955, 21 
pp. 

The Oxidation of Lower Paraffin 
Hydrocarbons. Part II. Observations 
on the Role of Ozone in the Slow Com- 
bustion of Isobutane, by C. C. Schubert 
and Robert N. Pease, Project Squid Tech. 
Rep. PR-65-P, April 1956, 12 pp. (-\vail- 
able only on microcard. ) 

Flame Properties and the Kinetics of 
Chain Branching Reactions, by J. C:lvin 
Giddings and J. O. Hirschfelder, W:<con- 
sin Univ. Naval Res. Lab. Rep. Squid-i, 
May 1956, 31 pp. 

Burning Rate Studies. Part9. Varic- 
tion of Surface Temperature with Pres- 
sure for Burning Liquids, by D 
Hildenbrand and A. Greenville Whitt:ker, 
Navord Rep. 1999, Part 9, (NOTS 11402), 
March 1956, 6 pp. 

Burning Rate Studies. Part 10. Var- 
iation of Temperature Distribution with 
Consumption Rate for Burning Liquid 
Strand, by D. L. Hildenbrand and A. 
Greenville Whittaker, Navord Rep. 1999, 
Part 10, (NOTS 1403), March 1956, 6 pp. 

A Contribution to the Application of 
Flame Photometry on Ca, Sr, Ba and Li, 
by T. J. Hollander, A. J. Borgers, and 
C. T. J. Alkemade, Appl. Sci. Res. 
Section B, vol. 5, on. 6, 1956, pp. 409-427. 

Calculation of the Detonation Properties 
of Solid Explosives with the Kistiakowsky- 
Wilson Equation of State, by R. D. 
Cowan and W. Fickett, J. Chem. Phys., 
vol. 27, May 1956, pp. 932-939. 

Flame Theory and Combustion Tech- 
nology, by Frank E. Marble, J. Aeron. 
Sci., vol. 23, May 1956, pp. 462—468. 

Spark Ignition of Flowing Gases, 
Itsuro Kimura and Seiichiro Kumagai, 
J. Phys. Soc. of Japan, vol. 11, May 1956, 
pp. 599-604. 


Fuels, Propellants, 
and Materials 


Rocket Refractories, by Harry B. 
Porter, Navord Rep. 4893 (NOTS 1191), 
Aug. 1955, 44 pp. 

Correlation Between Laboratory and 
Engine Performance of Synthetic Turbine 
Lubricants, by T. F. Davidson and J. H. 
May, SAE Prepr. 755, June 1956, 7 pp. 

Optical Properties of Metals, by L. G. 
Schulz, Wright Air Dev. Center Tech. Rep. 
55-71, March 1956, 39 pp. 

Energetics of the Boranes. I. The 
Heats of Reaction of Diborane with the 
Methylamines, and of Tetramethyldibor- 
ane with Trimethylamine; the Dissocia- 
tion Energy of Diborane, by R. E. McCoy 
and S. H. Bauer, J. Amer. Chem. Soc., 
vol. 78, May 1956, pp. 2061-2065. 

National Annual Survey of Aviation 
Fuels, 1955, by O. C. Blade, Bur. Mines 
Info. Circ. 7747, March 1956, 15 pp. 
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When you have problems on contour 
machined parts turn to Diversey Engi- 
neering. Here are some reasons why. You 
have the largest facilities for your contour 
machined parts at Diversey Engineering. 
You get performance reliability because 
Diversey Engineering does far more con- 
tour machining than anyone else. Your 
work is machined on the most efficient, 
largest equipment, run by machinists 


MISSILE PROBLEMS ? 


LET US HELP YOU SOLVE THEM 


of, 


skilled in contour machining techniques. 

Diversey Engineering fits into the mis- 
sile, rocket, and jet industry by serving 
the customer who insists on absolute per- 
formance reliability in the precise machin- 
ing of such hardware as accumulators, 
nozzles, midsections, bulkheads, noses, 
radomes, rings, cones. Turn to Diversey 
Engineering to solve your missile 
problems on contour machined parts. 


Company 


10257 Franklin Avenue @ Gladstone 5-4737 
Franklin Park, Illinois @ a suburb of Chicago 


FROM NOSE TO NOZZLE, FROM FIN TO FIN, CONTOUR TURNED PARTS—WITH PRECISION BUILT IN 
NoveMBER 1956 
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An invitation to engineers 
who can qualify for _ 
large, liquid propellant _ 


Engineers and Scientists: 


PRELIMINARY DESIGN. Opportunity to conceive, analyze, and evalu- 
ate highly advanced concepts in large, liquid-propellant rocket 
engines, advanced propellants, feed systems, principal components 
and parameters. Advanced military proposals. Market studies. 
Operations Research and long-range programming. Advanced de- 
grees preferred. 


SYSTEMS ANALYSIS. Unusual challenges for the analytical or theo- 
retical engineer in the analysis of complete engine systems. Heavy 
emphasis on advanced Systems Engineering concepts, particularly 
in thermodynamics, gas dynamics, heat transfer and fluid flow, some 
phases of which are yet unknown in general industry. Prediction of 
engine performance, by means of advanced mathematical concepts, 
under extreme environmental operating conditions. 


COMBUSTION DEVICES. Important professional growth opportunities 
for engineers heavy on thermodynamic and heat transfer back- 
ground, as it may pertain io high temperature, high stress compo- 
nents such as thrust chambers, gas generators, injectors, and heat 
exchangers. Unusual challenges available in work on high-rate heat 
transfer, pyrotechnics, spark-initiated and hypergolic ignition, com- 
bustion mechanics, droplet formation and flame propagation. 


ENGINE DEVELOPMENT. Opportunities for research engineers at the 
focal point of intensive activity associated with engine testing and 
data evaluation. Involves the design of experiments, specification of 
test methods and procedures, including instrumentation, as well as 
the processing and evaluation of data. Problems and studies 
encountered fall into all branches of engineering, and the ability to 
comprehend highly complex systems, engines and engine programs 
is of paramount importance. 


RESEARCH. Rocketdyne Research, a section of the Engineering de- 
partment, has several staff openings for scientists and engineers with 
advanced abilities. Fundamental studies are being made in thermo- 
dynamics, fluid mechanics, combustion kinetics, fast-transient meas- 
urement techniques, propellant chemistry and many other fields. 
For detailed information, please fill out and mail the coupon below. 
There is no obligation, and all replies are strictly confidential. 


= end 


r 
| Mr. A. W. Jamieson, Engineering Personnel Dept. JP1156 | 
| ROCKETDYNE, 6633 Canoga Avenue, Canoga Park, California : 

; Please tell me more about a career at ROCKETDYNE. ¥ 
My name is 
Home Address 
havea degree from 
I And years actual engineering experience I 
lam 
|! am not enclosing a resume | 
| 


ROCKETDYNER 


as A DIVISION OF NORTH AMERICAN AVIATION, INC. 


opdtt BUILDERS OF POWER FOR OUTER SPACE 


Investigation of the Effect of Impact 
Damage on Fatigue Strength of Jet. 
Engine Compressor Rotor Blades, by 
Albert Kaufman and André J. Meyer, 
NACA TN 3275, June 1956, 25 pp. 

Experimental Investigation of Air. 
Cooled Turbine Blades in Turbojet 
Engine. XIV. Endurance Evaluation of 
Shell-Supported Turbine Rotor Blades 
Made of Timken 17-22a(S) Steel, by 
Francis 8. Stepka, H. Robert Bear, and 
John L. Clure, NACA RM _ E54F23a, 
Sept. 1954, 29 pp. (Declassified from 
Confidential, NACA Research Abstracts 
no. 102, June 22, 1956, p. 18.) 


Instrumentation and 
Experimental Techniques 


Transmitters for Measuring Tempera- 
ture of High Speed Gas Flow, by S. G. 
Darevsky, Doklady Akad. Nauk SSSR, 
vol. 107, no. 3, 1956, pp. 373-376 (in 
Russian). 

A Corrected Speed Tachoscope, by R. 
Staniforth, Gt. Brit. Aeron. Res. Council 
Curr. Pap., no. 224 (formerly Nat. Gas 
Turb. Estab. Mem., no. 217), 1956, 9 pp. 

The Dall Flow Tube, by I. O. Miner, 
Trans. ASME, vol. 78, April 1956, pp. 
475-479. 

A Sonic-Flow Orifice Probe for the 
Inflight Measurement of Temperature 
Profiles of a Jet Engine Exhaust with 
Afterburning, by C. Dewey Havill and L. 
Stewart Rolls, NACA TN 3714, May 
1956, 18 pp. 

A Survey Meter with an Extended 
Probe, by C. E. Flanagan, Jr., and R. T. 
Nowak, Atomic Energy Comm. DP-142, 
Dec. 1955, 8 pp. 

Fluid Interface Monitoring by Capaci- 
tance Probe Method, by C. A. Simsen, 
Atomic Energy Comm. HW-39170, Sept. 
1955, 21 pp. 

Test Equipment, Section G. Research 
and Development Trends; Magnetic Tape 
is Key to Flight Test System; Jet Acces- 
sories Pose Testing Challenge, Aviation 
Age, vol. 25, June 1956, pp. Y-3-Y-10. 

Computers, Section H. Research and 
Development Trends; Analog Computers 
in Modern Aircraft Design; How Air- 
craft Industry Uses Computers (Table); 
Computers for the Aircraft Industry 
(Table), Aviation Age, vol. 25, June 1956, 
pp. H-3-H-17. 

A New Method for the Measurement of 
Rapid Fluctuations of Temperature, by 
R. Dehn, Brit. J. Appl. Phys., vol. 7, 
April 1956, pp. 144-148. 

Dynamics of Liquid Flow Control, by 
Allan R. Catheron and Bruce D. Hains- 
worth, Indust. Engng. Chem., vol. 48, 
June 1956, pp. 1042-1046. 

A New Computer for Calculating the 
Water Content of Gases, by A. W. Diniak 
and E. ®. Weaver, J. Res. Nat. Bur. 
Stands., vol. 56, May 1956, pp. 269-278. 

Capacitor Type Fuel Gages and Controls, 
by Sanford Solars, Aero Digest, vol. 72, 
June 1956, pp. 26-29. 


Space Flight, 
Astrophysics, Aerophysics 


Rocket and Satellite Studies During the 
IGY, by Joseph Kaplan, Aeron. Engng. 
Rev., vol. 15, April 1956, pp. 64-67. 

Boiling and Density Studies at Atmos- 
pheric Pressure, by D. English, P. T. 
Blacker, and W. E. Simmons, Gt. Brit. 
Atomic Energy Res. Estab. A.E.R.E. 
[ED/M 20, 1955, 13 pp. 
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This “Old Line” Arsenal in Philadelphia is a key member 
of the Army-Ordnance-Industry team. Since World War II 
it has been rapidly converting from a manufacturing instal- 
lation to a research and development center responsible for 
national direction or major support of Ordnance ammunition 
and weapons programs, chemical, metallurgical, and ballistic 
research, and gage design and supply. 

The major operating organizations of Frankford are the 
Pitman-Dunn Laboratories Group, the Ammunition Group, 
the Gage Laboratory, and the Fire Control Instrument 
Croup. The latter is a small arsenal in itself, consisting of 
research and development, industrial procurement and pro- 
duction, and field service elements. Working with weapons 
systems contractors in private industry, its scientists and 


DIVISION OF SPERRY RAND CORPORATION 
31-10 Thomson Avenue, Long Island City 1, New York 
Beverly Hills, Cal. ° Daytor, Ohio 


AA Fire Control System T50 mounted on ‘‘Duster’’, the Army’s twin 40mm self-propelled vehicle M42. 
This is a major advance in control of fire for this weapon. 


FRANKFORD ARSENAL IS ARMY’S CENTER © 
FOR ORDNANCE WEAPONS FIRE CONTROL SYSTEMS — 


FORD INSTRUMENT COMPANY 


engineers have been responsible for successful application 
of optical range finders to tanks, for the Skysweeper AA 
System and the AA Fire Control System M33. Today, 
Frankford maintains close relations with the Army Ballistic 
Missile Agency and Redstone Arsenal for the solution of 
guidance problems. Recently this group has applied radar 
ranging to the twin 40mm self-propelled light AA gun, the 
“Duster”, enlarging this weapon’s capabilities for dealing 
with high-speed, low flying aircraft. ' 

That segment of industry interested in fire control instru- 
ments, ammunition components, and recoilless weapons 
relies for definition of the problem, and allocations of pro- 
grams, on Frankford Arsenal, whose goal has been defined 
as Total Technical Teamwork. 
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ENGINEERS 


of unusual abilities can find a future at FORD INSTRUMENT COMPANY. Write for information. 


Ford 


Company 
working on a design of a special Anti-air- 
craft project. 


Engineers at Instrument 
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go for Missiles and Aircraft 


Kollsman has designed, developed and produced 


ir a the following navigation and control systems and 
components: 


FOR NAVIGATION OR GUIDANCE 


Photoelectric Sextants for remote semi- 


automatic celestial navigation. 


Automatic Astrocompasses for precise 
automatic celestial directional reference and 
navigation. 


Photoelectric Tracking Systems For many years 
Kollsman has specialized in high precision tracking 
systems. 


Periscopic Sextants for manual celestial observations. 


Computing Systems to provide precise 

data for automatic navigation and guidance, 

operated by optical, electromechanical, and pressure 
sensing components. 


aS 


SION N 


kollsman 


INSTRUMENT CORPORATION 
\ 


FOR CONTROL 


proven components 


now in production 


Pressure Pickups and 
Synchrotel Transmitters 

to measure and electrically transmit 
indicated 
absolute pressure 
dif- 


ferential pressure ¢ log differ- 


true airspeed 
airspeed 
© log absolute pressure 
altitude 


ential pressure 


Mach number airspeed 


and Mach number. 


Pressure Monitors — to provide con- 


trol signals for altitude, abso- 


lute and differential pressure, 


vertical speed, etc. 


Acceleration Monitors — for many — 
applications now served by 


gyros. 


Pressure Switches — actuated by 
static pressure, differential | 


pressure, rate of change of 


static pressure, rate of climb or 


descent, etc. 


Motors — miniature, special purpose, — 


including new designs with in- — 


tegral gear heads. > 


SPECIAL TEST EQUIPMENT 


optical and electromechanical for flight 
test observations. = 


_ Please write us concerning your 

- specific requirements in the field of missile 
or aircraft control and guidance. 
Technical bulletins are available 

on most of the devices mentioned. 


OVEMBER 1956 


80-08 45th AVE., ELMHURST, NEW YORK » GLENDALE, CALIFORNIA « SUBSIDIARY OF SZavtdard COIL PRODUCTS Co. INC. — 
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DEVELOPMENT and 

RESEARCH FACILITIES 
for AIRCRAFT 
and MISSILES 

by 


o_o 


_ for Airframe, Propulsion, 
Guidance and Navigation... 


Nuclear Facilities 
Rocket and Missile Installations 
Air Blast and Wind Tunnel Facilities 
Altitude and Environmental Chambers 
pe Engine Test Cells 7) 
Jet Engine Maintenance and Overhaul Facilities 
High Energy Fuel Plants > 


Complete Electronic Instrumentation 


\ THE RALPH M. PARSONS COMPANY | °2.:° 
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